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1.0 INTRODUCTION 
 
By letter dated May 25, 2007, Mitsubishi Heavy Industries, Ltd. (MHI) submitted Topical Report 
MUAP-07009, Revision 0, “Thermal Design Methodology” (Reference 1) to the U.S. Nuclear 
Regulatory Commission (NRC) for review and approval.  The purpose of this report was to 
justify the use of the VIPRE-01M computer code for performing non loss-of-coolant accident 
(LOCA) transient and accident analysis for the United States - Advanced Pressurized Water 
Reactor (US-APWR).  VIPRE-01M is based on VIPRE-01, a core thermal hydraulics computer 
program developed by Battelle Pacific Northwest Laboratories for the Electric Power Research 
Institute (EPRI).  VIPRE-01 has been previously reviewed and approved by the NRC staff 
(Reference 2) for the purpose of performing non-LOCA transient and accident analysis for 
pressurized water reactors (PWRs).   
 
All users must satisfy the conditions and limitations set out in the original Safety Evaluation 
Report (SER) for VIPRE-01 (Reference 2).  The detailed discussion of those conditions and 
limitations can be found in Section 3.2.2.1 of this Safety Evaluation (SE).  The generic approval 
of VIPRE-01 did not include many user specified options which must be justified before the code 
can be used to perform safety analysis.  Therefore, each organization who plans to reference  
VIPRE-01 must submit documentation to the NRC for review and approval which specifies the 
models they will use, any changes they made to the code, and why those models and changes 
are acceptable.  The NRC staff has reviewed such submittals in the past (References 3, 4, and 
5).   
 
VIPRE-01M is MHI’s version of VIPRE-01, which has been enhanced with model selection, 
minor changes to the code, and a fuel specific critical heat flux correlation.  The MHI report 
contains the documentation which details the specific models that will be used in the code, any 
changes made to the code and why those models and changes are appropriate for performing 
safety analysis. 
 
The NRC staff issued multiple Requests for Additional Information (RAIs) to MHI, and MHI 
supplemented its topical report with multiple documents.  The following table provides a 
summary of this information. 
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Sender Document  Date Reference 
U.S. NRC RAI – Round 1 March 5, 2008 Reference 6 

MHI Responses – Round 1 April 4, 2008 Reference 7 
MHI VIPRE Input Deck May 30, 2008 Reference 8 
MHI VIPRE Input Deck (Updated) August 28, 2009 Reference 9 

U.S. NRC RAI – Round 2 February 13, 2009 Reference10 
MHI Responses – Round 2 March 13, 2009 Reference 11 
MHI CHF Testing Plan April 28, 2009 Reference 12 
MHI US-APWR DNB Test Plan March 1, 2010 Reference 13 
MHI Preliminary Test Results October 21, 2010 Reference 14 
MHI Final Test Report April 20, 2011 Reference 15 
MHI Final Test Report (Revised) July 20, 2012 Reference 16 

U.S. NRC RAI – Round 3 August 20, 2009 Reference 17 
MHI Partial Responses – Round 3 September 30, 2009 Reference 18 
MHI Full Responses – Round 3 October 30, 2009 Reference 19 
MHI VIPRE-01M manual October 30, 2009 Reference 20 
MHI QA for computer software October 30, 2009 Reference 21 
MHI RAI 1.9 amended response January 15, 2010 Reference 22 
MHI RAI 1.5 amended response March 31, 2010 Reference 23 

U.S. NRC RAI – Round 4 September 1, 2010 Reference 24 
U.S. NRC Audit Report #1 October 27, 2011 Reference 25 
U.S. NRC Audit Report #2 July 20, 2012 Reference 26 

MHI Responses – Round 4 October 4, 2010 Reference 27 
MHI VIPRE Changes September 30, 2010 Reference 28 

MHI 
US-APWR Quality Assurance 

Manual Design Verification 
Procedure 

September 22, 2008 Reference 29 

U.S. NRC RAI – Round 5 December 3, 2010 Reference 30 
MHI Responses – Round 5 December 21, 2010 Reference 31 
MHI VIPRE-01M manual (updated) December 20, 2010 Reference 32 
MHI RAI 4.2 amended response March 4, 2013 Reference 49 
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2.0 REGULATORY EVALUATION 
 
As discussed below, licensees must evaluate the consequences of various transients and 
accidents that could occur at its nuclear power plant.  A transient, or Anticipated Operational 
Occurrence (AOO), is an event which is expected to occur one or more times during the life of 
the nuclear power plant.  Examples of transients include tripping of the turbine generator, 
isolation of the main condenser, and loss of offsite power (LOOP).  An accident, or a Postulated 
Accident (PA), is an event which is not expected to occur during the life of the nuclear power 
plant, but must still be examined because of its potential to release significant amounts of 
radiation to the public.  Examples of accidents include a major pipe rupture on a primary loop, a 
major pipe rupture on the secondary loop, and ejection of a control rod assembly.   
 
Licensees use a variety of methods to evaluate the transients and accidents that could occur at 
its nuclear power plant.  The NRC staff reviews these methods to ensure that they provide a 
realistic or conservative result and that they adhere to the requirements of Title 10 of the Code 
of Federal Regulations (10 CFR).  Regulations which are applicable to transient and accident 
analysis methods are found in 10 CFR 50.34, “Contents of Applications; Technical Information,” 
which provides the requirements for the Final Safety Analysis Report required for each plant 
which includes the analysis of transients and accidents; 10 CFR 50.46, “Acceptance Criteria for 
Emergency Core Cooling Systems for Light-Water Nuclear Power Reactors,” which provides the 
requirements for a LOCA analysis; and 10 CFR 50 Appendix K, “ECCS Evaluation Models,” 
which provides further requirements for a LOCA analysis.  Additionally, because the results of 
the transient and accident analysis methods are important to the safety of nuclear power plants, 
these methods must be maintained under a quality assurance (QA) program which meets the 
criteria set forth in 10 CFR 50 Appendix B, “Quality Assurance Criteria for Nuclear Power Plants 
and Fuel Reprocessing Plants.” 
 
To assure the quality and uniformity of NRC staff reviews, the NRC created the Standard 
Review Plan (SRP) (Reference 33) to guide the staff in performing their reviews.  Regulatory 
guidance for this review is provided in Chapter 15 of the SRP, “Transient and Accident 
Analysis,” (Reference 34) and Section 15.0.2 of the SRP, “Review of Transient and Accident 
Analysis Methods” (Reference 35).  Similar guidance is also set forth for the industry in 
Regulatory Guide (RG) 1.203, “Transient and Accident Analysis Methods,” (Reference 36). 
 
SRP 15.0.2 describes six areas of NRC staff review for transient and accident analysis 
methods:  Documentation, Evaluation Model, Accident Scenario Identification Process, Code 
Assessment, Uncertainty Analysis, and the QA Program.  The NRC staff’s review of VIPRE-01M 
was based on the SRP guidance in these six areas, evaluation of the technical merit of the 
submittal, and any other applicable regulations associated with the review of topical reports. 
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3.0 TECHANCIAL EVALUATION 

3.1 Background 
 
3.1.1 Boiling Crisis 
 
Boiling crisis occurs when heat flux on a rod surface is increased such that the boiling water 
flowing past a fuel rod transitions from nucleate boiling to film boiling.  This Departure from 
Nucleate Boiling (DNB) causes a dramatic decrease in the heat transfer rate.  That decrease in 
the heat transfer rate will conversely cause a very large increase in the rod surface temperature, 
which may lead to fuel damage.  The heat flux which causes this transition from nucleate boiling 
to film boiling is known as the Critical Heat Flux (CHF).  To prevent possible fuel damage, 
boiling crisis is avoided by ensuring that the heat flux during operation never reaches CHF. 
 
In PWRs, CHF is primarily a local phenomenon caused by bubbles which crowd the surface of 
the fuel rod.  If the bubbles prevent the cooling water from reaching the surface of the fuel rod, 
the flow can transition from nucleate boiling to film boiling.  This form of boiling crisis happens 
very quickly and is known as DNB.   DNB is determined by CHF correlations which use the local 
fluid conditions as an input and which output the critical heat flux at those local fluid conditions.  
Computer codes such as VIPRE-01M are then used to determine the local fluid conditions 
during transients and accidents.    
 
VIPRE-01M is a subchannel computer code.  Given the specific boundary conditions of the 
transients or accidents from a systems code, VIPRE-01M can calculate the local fluid conditions 
in the core during that transient or accident.  VIPRE-01M receives input from MARVEL-M and 
TWINKLE-M (Reference 37).  MARVEL-M calculates the system thermal-hydraulic conditions 
and TWINKLE-M calculates the response to reactivity insertion events.   
 
Once VIPRE-01M calculates the local fluid conditions, those conditions are used with a CHF 
correlation to determine the CHF for those conditions.  The calculated CHF is then divided by 
the current heat flux at that same location in the core.  This ratio is known as the Departure from 
Nucleate Boiling Ratio (DNBR) and is a measure of how close the current heat flux is to CHF.  If 
the DNBR is equal to 1.0, the current heat flux is equal to the CHF, and the specific fuel rod will 
go through DNB.  Because of the high surface temperatures associated with DNB, it is possible 
that the fuel rod which is experiencing it may fail.  Therefore, to produce a conservative safety 
analysis, any fuel rod which experiences DNB is assumed to have failed. 
 
When the fuel rod fails, the cladding ruptures and the first fission product barrier is breached.  
The radioactive nuclides which were being contained by the cladding will escape from the fuel 
rod and be released into the reactor coolant system.  While fuel failures are undesirable, it is not 
possible to preclude all failures and therefore nuclear power plants have a ‘clean up’ system 
which can process a limited number of fuel failures.   
 
If the DNBR is greater than 1.0, the current heat flux is less than the CHF, and the specific fuel 
rod will not go through DNB.  If the DNBR is greater than one for all locations in the core, then 
DNB has not occurred on any fuel rods and that provides assurance that there is no fuel failure.   
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Because transients are anticipated to occur during the life of the plant, licensees typically 
demonstrate that  there is at least a 95 percent probability at a 95 percent confidence level that 
DNB will not occur during any transient.  This ensures that the number of fuel failures will be 
extremely small and limited to the ‘clean up’ capability of the plant.  While DNB cannot be 
precluded for all accidents, any release to the public must remain below the limits of 10 CFR 
100.11, “Determination of Exclusion Area, Low Population Zone, and Population Center 
Distance,” and 10 CFR 50.67, Accident Source Term.”  Additionally, to ensure a conservative 
calculation, DNB is assumed to occur not at a DNBR value of 1.0, but at a value greater than 
1.0.  This value is calculated by accounting for uncertainties in the empirical CHF correlation, 
computer codes, and measurements and is generally around 1.3.  By assuming fuel rods are 
experiencing DNB at heat fluxes lower than the CHF, the calculation is conservatively biased.     
 
3.1.2 History of VIPRE-01M 
 
VIPRE-01M is a modification of VIPRE-01.  VIPRE-01 was developed by Battelle Pacific 
Northwest Laboratories under the sponsorship of EPRI and submitted to the NRC for generic 
review in 1984 (Reference 38).  The staff’s review of VIPRE-01 MOD-1.0 found the code 
acceptable for performing PWR licensing calculations with the associated limitations and 
conditions stated in the SER (Reference 39).  In 1989, VIPRE-01 MOD-2.0 was submitted for 
generic review (Reference 40).  This new version included new models, error correction, and 
the justification for applicability to Boiling Water Reactors (BWR).  The NRC staff’s review of the 
updated version found the code acceptable for performing PWR and BWR licensing calculations 
with the associated limitations and conditions stated in the SER (Reference 41).   
 
The original custodians of the code were the VIPRE Maintenance Group (VMG) who updated 
the code with new features and error corrections.  After MOD 2.1, the code custodians were 
switched from VMG to CSA Inc.  CSA is the current code custodian for VIPRE-01 and have 
continued to maintain the code with updates and error corrections.  
 
MHI used VIPRE-01 MOD-2.2.1 (Reference 2) as their starting point for VIPRE-01M.  MHI’s 
further modifications to the code resulted in VIPRE-01 MOD-2.2.1 MHI 1.2.0, which is 
abbreviated as VIPRE-01M.  This is the version of the code discussed in this SE.     
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3.2 SRP 15.0.2 Guidance 
 
The staff followed the guidance of SRP 15.0.2 in performing this review.  This section outlines 
the requirements of the SRP and how those requirements were fulfilled.  All criteria can be 
found in SRP 15.0.2 (Reference 35).   
 
SRP 15.0.2 directs the reviewer to examine the entire evaluation model, and not simply the 
code itself.  An evaluation model is the calculation framework for evaluating the behavior of the 
reactor coolant system during a postulated accident or transient.  It includes the computer 
programs, mathematical models, assumptions, and procedures on how to treat the input and the 
output, as well as many other factors.  In other words, it is the entire evaluation method which is 
under review by the NRC staff and not simply the code which is used to perform the 
calculations.   
 
3.2.1 Documentation 
 
The development of an evaluation model for use in reactor safety licensing calculations requires 
a substantial amount of documentation.  This documentation includes/covers (a) the evaluation 
model, (b) the accident scenario identification process, (c) the code assessment, (d) the 
uncertainty analysis, (e) a theory manual, (f) a user manual, and (g) the QA program (QAP). 
 
3.2.1.1  Documentation Criterion 1 – Necessary Documentation 
 
Criterion: The reviewers should review the documentation to determine if (i) all 

documentation listed in Section II.1 above has been provided [the 
evaluation model, the accident scenario identification process, the code 
assessment, the uncertainty analysis, a theory manual, a user manual, 
and the quality assurance program], (ii) the evaluation model overview 
provides an accurate roadmap of the evaluation model documentation, 
(iii) all documentation is accurate, complete, and consistent and, (iv) all 
symbols and nomenclature have been defined and consistently used. 
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The following documentation was provided to the NRC staff: 
 

• Thermal Design Methodology Topical Report (Reference 1). 
• Theory manuals for VIPRE-01 MOD 2.2.1 (References 2). 
• A description of a sample input deck for VIPRE-01M (References 8 and 9). 
• VIPRE-01M code manual (References 20, 28, and 32). 
• Responses to RAIs (References 7, 11, 18, 19, 22, 23, 27, 31, and 49). 
• Information regarding CHF testing (References 12,13, 14, 15, and 16). 
• MHI QA Manual for Computer Software Control Procedure (Reference 21). 
• QAP Description For Design Certification of the US-APWR (Reference 29). 

 
Additionally, the staff performed audits of MHI’s use of VIPRE-01M (References 25 and 26).  
With these submittals, the staff was able to determine that the appropriate documentation was 
provided which describes the evaluation model, the accident scenario identification process, the 
code assessment, the uncertainty analysis, a theory manual, a user manual, and a QAP.  Based 
on the review of the topical report and the supplementary information, the staff has determined 
that the evaluation model is accurately described and the documents were accurate, complete, 
and consistent with all symbols and nomenclature being defined and consistently used.  The 
NRC staff has concluded that this criterion has been satisfied. 
 
3.2.1.2  Documentation Criterion 2 – Theory Manual 
 
Criterion: The reviewers should confirm that the theory manual is a self-contained 

document and that it describes the field equations, closure relationships, 
numerical solution techniques, and simplifications and approximations 
(including limitations) inherent in the chosen field equations and 
numerical methods. 

 
VIPRE-01M is a modification of EPRI’s VIPRE-01 and therefore shares much of the same 
theory manual (Reference 2, Volume 1).  The field equations, closures relationships, numerical 
solution techniques, and simplifications and approximations have not changed since the original 
NRC staff review, therefore the NRC staff did not find it necessary to repeat the review of the 
theory manual.   
 
The significant changes made between VIPRE-01 MOD 2.0 and VIPRE-01M were identified by 
MHI.  A list of the changes between VIPRE-01 MOD-2.0 and VIPRE-01 MOD-2.2.1 can be 
found in Volume 2, Appendix C of the VIPRE-01 manual for MOD-2.3 and MHI submitted a list 
of these changes directly to the NRC (Reference 23).  The largest of the these changes include 
incorporating a previously accepted heat transfer correlation, creation of a model to read an 
output file from another code, and a feature allowing for equal volume and flexible thickness 
nodalizations in the fuel.  Changes from VIPRE-01 MOD-2.2.1 to VIPRE-01M were reviewed 
and discussed during the NRC staff’s audit of VIPRE-01M (Reference 25).  During the audit, the 
NRC staff reviewed UAP-HTT-0051-R0, “US-APWR TH Design, Coding of DNB Correlations in 
VIPRE-01,” and UAP-HTT-0021 Revision 2, “VIPRE-M code modifications.”  These changes are 
listed below. 
  

• Coding of DNB correlations:  MHI coded the subroutines for several DNB 



 

- 9 - 
 

correlations (i.e., WRB-1, WRB-2, WRB-2M, MIRC-1) to support VIPRE-01M for 
US-APWR applications.  The NRC staff reviewed the correlation functions for the 
DNB correlations in UAP-HTT-0051-R0.  The NRC staff confirmed that the 
correlation functions have been documented in UAP-HTT-0051-R0.   

 
• F-factor logic:  MHI coded a subroutine to allow the user to select the F-factor 

form used in the THINC code.  The NRC staff confirmed the implementation of 
the F-factor logic in UAP-HTT-0051-R0.   

 
• Fuel pellet and cladding properties:  MHI updated the library for fuel and cladding 

properties (density, thermal conductivity, specific heat and enthalpy).    
 

• Film boiling option:  MHI included an option to force film boiling, using the 
Bishop-Sandberg-Tong film boiling correlation at a user-specified node and time. 

 
• Free format input:  MHI implemented free-format input. 

 
• Dynamic memory allocation:  MHI implemented a functionality to dynamically 

allocate main array variables. 
 

• Interface with MARVEL-M code:  MHI implemented a capability to read-in 
boundary condition datasets from MARVEL-M (pressure, inlet temperature, inlet 
mass flow rate). 

 
• Output of summary results:  MHI included an option to output key transient data 

(e.g., Minimum DNBR rod temperature and void fraction). 
 
As in previous reviews of versions of VIPRE-01, the staff found that these changes did not 
warrant any modifications to the theory manual.  The staff determined that the theory manual 
and associated documentation did capture the required information needed to understand how 
the VIPRE-01M would perform analysis.  The NRC staff has concluded that this criterion has 
been satisfied.               
 
3.2.1.3  Documentation Criterion 3 – Origin of the Closure Relationships 
 
Criterion: The reviewers should also confirm that the theory manual identifies the 

pedigree or origin of closure relationships used in the code and the limits 
of applicability for all models in the code. 
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The closure relationships of VIPRE-01M are the same as of VIPRE-01 (Reference 2, Volume 1).  
The staff found these relationships identified in the theory manual as well as their origins and 
the limits of use.  Additionally, MHI submitted a list of the closure relationships which they will 
use when performing safety analysis and the limits of those correlations as a response to 
RAI 3.9 (Reference 19).  The submission of the requested information resolved the staff’s RAI.  
The staff determined that the pedigree and limits of the correlations were contained in the theory 
manual and the associated documentation.  The NRC staff has concluded that this criterion has 
been satisfied. 
 
3.2.1.4  Documentation Criterion 4 – User Manual 
 
Criterion: The reviewers should confirm that the user manual provides guidance for 

selecting or calculating all input parameters and code options. 
 
The staff has reviewed the user manual of VIPRE-01M (Reference 32) as well as performed an 
audit of VIPRE-01M implementation (Reference 26) and determined that the manual and other 
documentation does provide the user guidance for selecting and/or calculating the necessary 
input parameters and code options.  The NRC staff has concluded that this criterion has been 
satisfied.     
 
3.2.1.5  Documentation Criterion 5 – Options for Licensing Calculations 
 
Criterion: The reviewers should confirm that the guidance in the [user] manual 

specifies the required and acceptable code options for the specific 
licensing calculations. 

 
The staff was able to review the manuals provided to the user at the staff’s audit of VIPRE-01M 
(Reference 26) and determined that the manuals do specify the required and acceptable code 
options for the specific licensing calculations.  The NRC staff has concluded that this criterion 
has been satisfied. 
 
3.2.1.6  Documentation Criterion 6 – Required Input 
 
Criterion:  The reviewers should also confirm that required input settings are 

hardwired into the input processor so that the code stops with an error 
message if the required input is not provided or if the input is not within an 
acceptable range of values or that administrative controls (an 
independent reviewer QA check) are in place that accomplish the same 
purpose. 

 
The staff was able to review error messages and warnings at the staff’s audit of VIPRE-01M 
(Reference 26) and determined that there are appropriate administrative controls in places to 
ensure that proper input is provided for the code.  Fatal errors will stop the code and non-fatal 
warning messages are discovered and resolved appropriately.  The NRC staff has concluded 
that this criterion has been satisfied. 
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3.2.1.7  Documentation Criterion 7 – Accident Specific Guidelines 
 
Criterion: The reviewers should confirm that computer codes that are used for 

multiple accidents and transients include guidelines that are specific to 
each transient or accident. 

 
The staff was able to review material during its audit of VIPRE-01M (Reference 26) and 
determined that VIPRE-01M has guidelines which are specific for each transient.  The staff 
chose to specifically use the Locked Rotor event as a sample.  During the audit, the staff did 
verify that MHI provided appropriate guidance such that the VIPRE-01M code, which is used for 
multiple events, had specific and appropriate guidance for the Locked Rotor event.  The NRC 
staff has concluded that this criterion has been satisfied. 
 
3.2.2 Evaluation Model (EM) 
 
An EM is the calculation framework for evaluating the behavior of the reactor coolant system 
during a postulated accident or transient.  It includes one or more computer programs and other 
information necessary for application of the calculation framework to a specific transient or 
accident, such as mathematical models used, assumptions included in the programs, a 
procedure for treating the program input and output information, specification of those portions 
of the analysis not included in the computer programs, values of parameters, and other 
information necessary to specify the calculation procedure.  EMs are sometimes referred to as a 
licensing methodology. 
 
3.2.2.1  EM Criterion 1 – Previously Reviewed and Accepted Codes and Models 
 
Criterion: The reviewers should determine whether the mathematical modeling and 

computer codes used to analyze the transient or accident have been 
previously reviewed and accepted. 

 
VIPRE-01 has been previously reviewed and approved by the NRC.  As detailed in 
Section 3.2.4.1 of this SE, MHI has demonstrated that the approval of VIPRE-01 is applicable to 
its use of VIPRE-01M.  VIPRE-01M must meet the conditions and limitations placed in VIPRE-
01 MOD-1.0 and VIPRE-01 MOD-2.0.  The conditions and limitations of VIPRE MOD-1.0 are as 
follows:  
 
Condition 1: The application of VIPRE-01 is limited to PWR licensing calculations with 

heat transfer regime up to CHF.   
 
MHI has satisfied this condition by limiting the general use of VIPRE-01M up to the regime of 
CHF for PWR licensing calculations.  MHI has requested to use VIPRE-01M to calculate the hot 
spot Peak Cladding Temperature (PCT) for non-LOCA calculations which would require a heat 
transfer model in VIPRE-01M to go above and beyond CHF conditions.  Such models have 
been approved by the NRC in the past and MHI proposes to use a model similar to the model 
applied in FACTRAN.  MHI has submitted an analysis which demonstrates that the calculations 
of VIPRE-01M and FACTRAN are able to predict the same inside cladding temperature and 
reacted zirconium percentage.  To perform this calculation conservatively, MHI has incorporated 
models and made conservative assumptions which compensated for the lack of certain physical 
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models in VIPRE-01M.  Specifically, MHI incorporated the PCT analysis model option, in which 
the fuel rod surface heat transfer at the hot spot is reduced to the value calculated by Bishop-
Sandberg-Tong post-CHF heat transfer correlation at the beginning of the event, and the fuel 
pellet-to-cladding gap conductance is artificially increased at the same time (VIPRE does not 
have the thermal-mechanical model which would result in intimate fuel-clad contact at the hot 
spot, therefore this increase is appropriate).  It evaluates the chemical reaction between the clad 
and the water by using the Baker-Just equation.  This methodology will be used for non-LOCA 
Postulated Accident events, such as locked rotor.   
 
The NRC staff determined that the general application of VIPRE-01M limited to a heat transfer 
regime up to CHF, met this condition.   
 
The NRC staff determined that this limited use of VIPRE-01M, to calculate the PCT, is 
acceptable.  The changes made to VIPRE-01M as well as the additional conservatisms 
assumed in the analysis will result in a conservative calculation.  Additionally, the NRC has 
approved the use of this type of model in VIPRE-01 in previous reviews (Reference 3).  Similarly 
with the previous approval, the NRC staff requires that appropriate justification be submitted 
with each use of VIPRE-01M in the post-CHF region to ensure that conservative results are 
obtained.  The NRC staff has concluded that this condition has been satisfied.    
 
Condition 2: Use of a steady state CHF correlation with VIPRE-01 is acceptable for 

reactor transient analysis provided that the CHF correlation and its DNBR 
limit have been reviewed and approved by the NRC and that the 
application is within the range of applicability of the correlation including 
fuel assembly geometry, spacer grid design, pressure, coolant mass 
velocity, quality, etc.  Use of any CHF correlation which has not been 
approved will require the submittal of a separate topical report for staff 
review and approval.  The use of a CHF correlation which has been 
previously approved for application in connection with another thermal 
hydraulic code other than VIPRE-01 will require an analysis showing that, 
given the correlation data base, VIPRE-01 gives the same or a 
conservative safety limit, or a higher DNBR limit must be used, based on 
the analysis results. 

 
MHI has submitted CHF test results which demonstrate its use of the WRB-1 and WRB-2 CHF 
correlations conservatively predict CHF for its specific fuel design (Reference 16).  This 
information is discussed in Section 3.2.2.8 of this SE.  The staff determined that the use of the 
approved CHF correlation validated by the test data met this condition.  The NRC staff has 
concluded this condition has been satisfied.   
 
Condition 3:  Each organization using VIPRE-01 for licensing calculations should 

submit separate documentation describing how they intend to use VIPRE-
01 and providing justification for their specific modeling assumptions, 
choice of particular two-phase flow models and correlations, heat transfer 
correlations, CHF correlation and DNBR limit, input values of plant 
specific data such as turbulent mixing coefficient, slip ratio, grid loss 
coefficient, etc., including defaults. 
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MHI has submitted documentation which describes how it intends to use VIPRE-01M.  This 
information is discussed in Section 3.2.1.1of this SE.  The staff determined that the submission 
of the documentation met this condition.  The NRC staff has concluded this condition has been 
satisfied. 
 
Condition 4:  If a profile fit subcooled boiling model (such as Levy and EPRI models) 

which was developed based on steady state data is used in boiling 
transients, care should be taken in the time step size used for transient 
analysis to avoid the Courant number less than 1. 

 
In its topical report, MHI has committed to ensuring that the Courant number will be kept greater 
than one if the profile fit subcooled boiling model is used.  The staff determined that the 
commitment by MHI met this condition.  The NRC staff has concluded that this condition has 
been satisfied. 
 
Condition 5:  The VIPRE-01 user should abide by the quality assurance procedures 

described in Section 2.6 of this report (the SER for VIPRE-01 MOD-01, 
Reference 2). 

 
VIPRE-01M is maintained under MHI’s QAP.  This program must satisfy 10 CFR 50 Appendix B 
requirements.  The NRC staff performed a review of MHI’s QAP (Reference 42) and confirmed 
that it conforms to 10 CFR 50 Appendix B requirements.  The staff determined that MHI’s QAP 
met this condition.  The NRC staff has concluded that this condition has been satisfied. 
 
The conditions and limitations of VIPRE-01 MOD-2.0 (Reference 2) are as follows: 
 
Condition 1:  The use of this code (VIPRE-01 MOD-02) for BWR licensing applications 

is contingent upon full qualification of the models described in TER 
Section 3.2.2 (TER for VIPRE-01 MOD-02)  

 
For example, models added to the code for use specifically for BWR 
applications are:  (1) water tube channel modeling, (2) leakage flow path 
connection, and (3) drift flux model.  Since no model verification or 
qualification was provided with the submittal, each licensee must justify 
the use of thermal-hydraulic models and the selected parameters related 
there to, a transient-by-transient basis and over the range of two-phase 
flow conditions expected to be encountered.   

 
In this respect, each user may choose to perform one of the following: 

 
a. Perform a thorough benchmark check against plant specific data, 

including identification of measurement uncertainty.  This 
approach is not acceptable if any of the key parameters of the 
sequence of events are not known; or 

 
b. Benchmark against the vendors test or approved code.  If any of 

the key parameters used by the vendor are not known for 
comparison, this is not acceptable. 
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We note that there is limited transient void fraction data available which 
could be compared to code results over some ranges of parameters.  
However, a user attempting to qualify the model for use by comparison to 
those data must demonstrate that the data cover the range of phenomena 
to be encountered in the analysis to be performed.  

 
c. A user may also take the approach of demonstrating that global 

results (such as power, pressure, and core inlet-outlet 
temperature difference) computed with the code while using a 
particular drift flux formulation are conservative overall when 
compared to actual plant data over the range expected to be 
encountered during the transient being analyzed.   

 
MHI uses VIPRE-01M for the non-LOCA thermal-hydraulic analysis of PWR cores; therefore the 
NRC staff has concluded that this condition does not apply.   
 
Condition 2: The GEXL Correlation is the only correlation currently having NRC 

approval for use in CPR calculations of a core containing GE fuels.  
However, use of the GEXL correlation for other vendors’ fuels or use of 
any other correlation requires a separate submittal of full qualification for 
NRC review and approval. 

 
This condition is specifically related to BWRs.  MHI uses VIPRE-01M for the non-LOCA thermal-
hydraulic analysis of PWRs; therefore the NRC staff has concluded that this condition does not 
apply. 
 
Condition 3:  Section 2.2 of Volume 5 of the submittal identifies a spectrum of limitation 

of the code.  Each user, in its documentation for the NRC approval, 
should certify that the code is not being use in violation of these 
limitations. 

 
MHI has certified that it will not use VIPRE-01M to model the following situations: 
 

• Specific two phase flow conditions that are characterized by large relative 
velocity between the phases or radical changes in flow regime, such as low-flow 
boil-off, annular flow, stratified two phase flow, or countercurrent flow.   

• Phenomena dominated by local pressure such as flow-down transient, boiling 
incepted at low pressure, or BWR transient flow instability.   

• Free-field situations not dominated by wall friction. 
• Situations out of the applicable range of the constitutive correlations.   

 
That staff determined that MHI’s commitment that they will not use VIPRE-01M in violation of 
the limitations given in Section 2.2 of Volume 5 of the VIPRE manual met this condition.  The 
NRC staff has concluded this condition has been satisfied. 
 
Condition 4:  By acceptance of this code version, we do not endorse procedures and 
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uses of this code described in Volume 5 as appropriate for licensing 
applications.  As the code developers stated in Reference 5, the materials 
were provided by the code developers as their non-binding advice on 
efficient use of the code. 

 
Each user is advised to note that values of input recommended by the 
code developers are for best-estimate use only and do not necessarily 
incorporate the conservatism appropriate for licensing type analysis.  
Therefore, the user is expected to justify or qualify its use for licensing 
applications. 

 
The documentation submitted by MHI provides that justification for the use of VIPRE-01M in 
licensing applications.  That justification is discussed throughout this SE.  The staff determined 
that MHI’s submitted documentation met this condition.  The NRC staff has concluded this 
condition has been satisfied. 
 
The staff determined that MHI has demonstrated its use of VIPRE-01M has met the conditions 
and limitations imposed by the NRC on the use of VIPRE-01.  The NRC staff has concluded that 
this criterion has been satisfied. 
 
3.2.2.2  EM Criterion 2 – Physical Modeling 
 
Criterion: The reviewers should determine if the physical modeling described in the theory 

manual and contained in the mathematical models is adequate to calculate the 
physical phenomena influencing the accident scenario for which the code is 
used. 
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In general, the physical and mathematical models used in VIPRE-01M have not been modified 
from those used in VIPRE-01 (Reference 2).  VIPRE-01M has had a few additions of models for 
post-CHF analysis and this is discussed in Section 3.2.2.1 of this SE.  The mass, momentum, 
and energy equations are left unchanged, as well as the closure relationships and the 
mathematical models.  The code assessment of VIPRE-01M, which is discussed in 
Section 3.2.4.1 of this SE, demonstrates that VIPRE-01M and VIPRE-01 use the same physical 
models to model the same phenomena.  However, the modeling of the physical phenomena is 
dependent upon the choice of the closure models.  While all of the closure models in VIPRE-01 
have some justification, the approving SER required MHI to provide specific justification for the 
specific closure models it intends to use.    
 
MHI did provide justification for the closure models, which is discussed in Section 3.2.2.8 of this 
SE.  However, the ultimate validation that VIPRE-01M would be able to model the physical 
phenomena was VIPRE-01M predictions compared to CHF tests regarding prototypical US-
APWR fuel (Reference 16).  The comparison verifies that VIPRE-01M is able to predict the 
physical phenomena by VIPRE-01M’s ability to predict the CHF.  In order to accurately predict 
the CHF, VIPRE-01M must have accurate models which calculate the physical phenomena.  
The staff determined that the CHF testing results and comparison to VIPRE-01M predictions 
demonstrate that the physical models in VIPRE-01M are acceptable and conservative for use in 
calculating the physical phenomena important to PWR non-LOCA transient and accident 
analysis.     
 
In RAI 1.1 (Reference 17), the staff asked MHI to identify which transients and accidents would 
be analyzed with VIPRE-01M as well as the associated figures of merit.  In its response to the 
RAI, MHI submitted the following list as well as the associated figures of merit for each event 
(Reference 19).  The NRC staff has concluded that the submission of this information resolved 
this RAI. 
 

• Inadvertent opening of a steam generator (SG) relief or safety valve. 
• Steam system piping failure. 
• Partial loss of forced reactor coolant flow. 
• Complete loss of forced reactor coolant flow. 
• Reactor coolant pump rotor seizure. 
• Uncontrolled control rod assembly withdrawal from a subcritical or low power 

startup condition. 
• Control rod misoperation (one or more misaligned rod cluster control 

assemblies). 
• Spectrum of rod ejection accidents. 

The use of VIPRE-01M to model these accidents and transients is similar to previously 
approved uses of VIPRE-01 (References 3 and 5).  Because of the physical models which are 
shared with VIPRE-01 and the previous approval for using VIPRE-01 to perform similar 
analysis, the staff determined that the use of VIPRE-01M is acceptable for analyzing these 
accidents and transients.  The NRC staff has concluded that this criterion has been satisfied. 
 
 
3.2.2.3  EM Criterion 3 – Range of Validity of the Field and Closure Equations.   
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Criterion: The reviewer must therefore ensure that the field equations of the 
evaluation model are adequate to describe the set of physical phenomena 
that occur in the accident and ensure that the closure relationships are 
valid over the full range of conditions encountered during the accident. 

 
The field equations and closure relationships used in VIPRE-01M have not been modified from 
those used in VIPRE-01 (Reference 2).  After its review of VIPRE-01, the staff determined that 
the code modeled the physical phenomena which occurs during PWR transient and accidents 
and that this modeling is acceptable for use in licensing applications, but the staff also stipulated 
that each organization desiring to use VIPRE-01 submit justification for the use of the closure 
relationships, as these were not considered in the initial review.  The closure relationships 
include models for friction factor, two-phase friction multipliers, subcooled boiling, and bulk 
void/quality.   
 
From the documentation submitted by MHI, the staff determined that field equations and closure 
relationships would be valid over the range of transient and accident conditions.  The field 
equations are general in nature and its validity is based on meeting Condition 3 of the VIPRE-01 
MOD-2.0 SER which MHI has committed to meet.  The closure relationships chosen have been 
validated by the comparison to CHF test data, which is discussed in Section 3.2.2.8 of this SE.  
During its first audit of VIPRE-01M (Reference 25), the staff discovered that MHI did not have 
formal procedures in place to ensure that the CHF correlations were not being used outside of 
their approved ranges.  MHI updated its formal procedures with this additional task.  
Additionally, the staff reviewed all of the submitted VIPRE-01M analysis to determine if the 
correlations had been used outside of their parameter’s ranges.  Any runs which did have the 
correlations used outside of their range were justified (e.g., correlation was used outside the 
range much later in the transient well after the point of minimum DNBR) or were not used in the 
staff’s safety determination.  For example, in its CHF testing, MHI performed some experiments 
slightly outside the pressure and quality range of the WRB-1 and WRB-2 correlations.  While 
these tests are vital to ensuring that the correlation is being appropriately applied, the data from 
these tests should not be used in confirming the 95/95 limit, if ignoring the data would result in a 
more conservative (higher) DNBR limit.   
 
To ensure that such changes warning messages are appropriately dispositioned in the future, 
the staff is planning an audit of MHI’s code QA some time after the first reload analysis has 
been performed.  The NRC staff has concluded that this criterion has been satisfied.    
 
3.2.2.4  EM Criterion 4 – Simplifying and Averaging Assumptions 
 
Criterion: The reviewers should determine if the simplifying assumptions and 

assumptions used in the averaging procedure are valid for the accident 
scenario under consideration. 

 
The simplifying assumptions and averaging assumptions used in VIPRE-01M have not been 
modified from those used in VIPRE-01 (Reference 2).  The staff previously determined that 
these assumptions were acceptable in its approval of VIPRE-01.  After a review of the 
documentation submitted by MHI, the staff did not find anything which would invalidate this 
determination.  The NRC staff has concluded that this criterion has been satisfied. 
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3.2.2.5  EM Criterion 5 – Simplifications 
 
Criterion: Reviewers should confirm that justifications are provided for all 

simplifications, assumptions, and averaging. 
 
The simplifications, assumptions, and averaging used in VIPRE-01M have not been modified 
from those used in VIPRE-01 (Reference 2).  The staff previously determined that these 
simplifications, assumptions, and averaging were acceptable in its approval of VIPRE-01.   
 
One of the assumptions inherent in VIPRE-01 and subsequently in VIPRE-01M is that the 
subchannel dimensions do not change.  However, rod bow will change the subchannel 
dimensions and may lead to reduced flow area and lower CHF.  Subchannel codes cannot 
model fuel rod bow explicitly and therefore approved methodologies for accounting for rod bow 
are required.  In its response to RAI 1.8, MHI summarized its rod bow model (Reference 19) 
and provided a reference for a previously approved rod bow model (Reference 43).  The staff 
has determined that the submission of this information resolved this RAI.  The staff confirmed 
that the use of the previously approved rod bow model is acceptable to perform the required rod 
bow analysis.   
 
After a review of the documentation submitted by MHI, the staff did not find anything which 
would invalidate this determination. The NRC staff has concluded that this criterion has been 
satisfied. 
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3.2.2.6  EM Criterion 6 – Level of Detail in the Model 
 
Criterion: The reviewers should confirm that the level of detail in the model is 

equivalent to or greater than the level of detail required to specify the 
answer to the problem of interest. 

 
The level of detail used in VIPRE-01M is consistent with the level of detail of previously 
approved versions of VIPRE-01 (References 3, 4, and 5).  This level of detail includes detail in 
both the radial and axial direction.   
 
In the radial direction, the core will be modeled with one-eighth symmetry.  The one-eighth 
model will be comprise of 21 channels:  10 channels for modeling the hot subchannel and the 
surrounding subchannels in the hottest, 5 channels which lump the remainder of the 
subchannels in the hottest assembly, and 6 channels which lump the remainder of the 
assemblies in the core.  In the axial direction, MHI has chosen a mesh size which, when used, 
will capture the required details of the flow field. 
 
MHI submitted sensitivity studies for both the radial and axial noding.  These sensitivity studies 
demonstrated that the minimum DNBR which is the parameter of interest was relatively 
insensitive to an increase or decrease in the number of radial or axial nodes.  The staff 
determined that there was an adequate level of detail in the VIPRE-01M models to capture the 
physical phenomena based the sensitivity study performed by MHI and the staff’s experience 
with other subchannel codes. 
 
Currently, the staff restricts the current use of VIPRE-01M to non-mixed cores, that is, cores of a 
single fuel design.  In an open lattice arrangement, such as found in PWRs, the geometric 
properties of different designs will impact the flow into and out of the assemblies.  For example, 
if a certain fuel assembly has a grid spacer at an elevation different than the surrounding fuel 
assemblies, the water will flow out of the fuel assembly with the grid spacer and into the fuel 
assembly without the grid spacer to avoid the large pressure drop caused by the grid spacer.  
Because a subchannel code only models one assembly, this flow decrease is not calculated for 
and must be accounted for by a transition core (or mixed core) methodology.  Such a 
methodology penalizes certain fuel assemblies by accounting for this flow diversion.  In its 
response to RAI 1.9, MHI summarized its transition core methodology (Reference 19), but was 
unable to provide a reference for an approved transition core methodology.  The staff has 
determined that the submission of this information resolved this RAI, but was not enough 
information to fully describe a transition core methodology.  Therefore, the staff determined that 
the use of VIPRE-01M shall be restricted to non-mixed cores, that is, cores of a single fuel 
design.  This restriction will be lifted when MHI obtains a NRC approved transition core 
methodology.  The NRC staff has concluded that this criterion has been satisfied.     
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3.2.2.7  EM Criterion 7 – Equations and Derivations 
 
Criterion: The reviewers should confirm that the equations and derivations are 

correct. 
  
The equations and derivations used in VIPRE-01M have not been modified from those used in 
VIPRE-01 (Reference 2).  The staff previously determined that these equations and derivations 
were correct in its approval of VIPRE-01.  After a review of the documentation submitted by 
MHI, the staff did not find anything which would invalidate this determination.  The NRC staff 
has concluded that this criterion has been satisfied. 
 
3.2.2.8  EM Criterion 8 – Validity of the Closure Relationships 
 
Criterion: The reviewers should ensure that the range of validity of the closure 

relationships is specified and is adequate to cover the range of conditions 
encountered in the accident scenario. 

 
The closure relationships used in VIPRE-01M have not been modified from those used in 
VIPRE-01 (Reference 2) with the exception of the addition of CHF correlations.  The SER of 
VIPRE-01 did not review the closure relationships and placed this limitation on the use of the 
code: 
 

Each organization using VIPRE-01 for licensing calculations should submit 
separate documentation describing how they intend to use VIPRE-01 and 
providing justification for their specific modeling assumptions, choice of particular 
two-phase flow models and correlations, heat transfer correlations, CHF 
correlation and DNBR limit, input values of plant specific data such as turbulent 
mixing coefficient, slip ratio, grid loss coefficient, etc., including defaults.  

 
The closure relationships in a subchannel model provide the final links which allow the 
conservation of momentum and energy equations to be solved.  They are often referred to as 
constitutive equations because they relate one physical quantity to another.  The closure 
relationships for the conservation of momentum equation relate the local fluid parameters to the 
pressure drop.  The closure relationships for the conservation of energy equation relate the local 
parameters, either fluid or solid, to heat transfer coefficients.  In general the closure 
relationships include models and correlations for friction factor correlations, two-phase friction 
multiplier, boiling models, and bulk void/quality. 
 
Because subchannel codes such as VIPRE-01M have multiple models for each closure 
relationship, there are a large number of closure relationship combinations possible.  Each 
combination may lead to different results and therefore each combination would have to be 
individually validated.  For example, two models for two-phase friction are the Martinelli-Nelson 
and Thom models.  Two models for boiling are Jens Lottes and Chen.  In this example, there 
are four possible combinations of closure relationships and each combination would influence 
the calculated local fluid parameters as well as the heat flux at a location of interest, the CHF at 
the location of interest, and subsequently the DNBR at the location of interest.  The use of a 
different combination of closure relationships would change this calculation resulting in different 
CHF’s, heat fluxes, and DNBR’s calculated for the same VIPRE-01M input. 
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The SER requirement from VIPRE-01 is for organizations to make their selection of the closure 
relationships and provide justification for that specific selection.  To fulfill this requirement, MHI 
has identified the relationships and has provided the required justification.  MHI selected these 
particular models and correlations based on industry experience, comparison to other accepted 
codes, and sensitivity studies.  While, each closure relationship available in VIPRE-01 has been 
assessed individually in the VIPRE-01 Code Assessment (Volume 4 of Reference 2), the 
combined impact of every possible combination of closure relationships has not been assessed 
in the VIPRE-01 documentation. 
 
While the staff does recognize that the relationships chosen by MHI are often used in industry, 
the staff is also aware of the impact that the closure relationships have on DNB calculation.  
Because the CHF correlations are highly empirical and the phenomenon of DNB remains 
difficult to predict from a first principles approach, the only way to validate the specific 
combination of closure relationships and the VIPRE-01M analysis in general, is by comparing 
VIPRE-01M predictions to test data.  MHI has performed such analysis on a prototypical US-
APWR fuel assembly (Reference15).     
 
The assembly contained all the necessary geometric features such that it would have the have 
same fluid flow and heat transfer characteristics as US-APWR fuel.  The WRB-1 and WRB-2 
CHF correlations were used with VIPRE-01M to predict the CHF test results.  The staff 
determined that the testing results demonstrated that VIPRE-01M, using the WRB-1 and WRB-2 
CHF correlations, could conservatively predict DNB for US-APWR fuel.  The staff found the 
95/95 DNBR limit of 1.17 for the WRB-1 (Reference 44) and WRB-2 (Reference 45) correlations 
conservative compared with the actual 95/95 DNBR limit obtained from the DNB tests 
conducted at the AREVA facility in Karlstein, Germany regarding prototypical US-APWR fuel.  
Thus, confirming that the limit DNBR calculated from the original database for WRB-1 and 
WRB-2 can be conservatively applied for DNB related safety analysis of US-APWR.  
 
The approved ranges of the WRB-1 and WRB-2 correlations are provided in its reference topical 
and are restated here for convenience: 
 

Table 1: WRB-1 Applicability Range 
Parameter WRB-1 Applicability Range 

Pressure (psia) 1440 to 2490 

Local mass velocity (106 lbm/hr-ft2) 0.9 to 3.7 

Local quality (fraction) -0.2 to 0.3 

Heat length, inlet to CHF location (ft) < 14 

Grid spacing (in) 13 to 32 

Equivalent hydraulic diameter (in) 0.37 to 0.60 

Equivalent heated hydraulic diameter (in) 0.46 to 0.58 
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Table 2: WRB-2 Applicability Range 
Parameter WRB-2 Applicability Range 

Pressure (psia) 1440 to 2490 

Local mass velocity (106 lbm/hr-ft2) 0.9 to 3.7 

Local quality (fraction) -0.1 to 0.3 

Heat length, inlet to CHF location (ft) < 14 

Grid spacing (in) 10 to 26 

Equivalent hydraulic diameter (in) 0.37 to 0.51 

Equivalent heated hydraulic diameter (in) 0.46 to 0.59 
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For some transients and accidents, the local fluid conditions will be outside the range of WRB-1 
and WRB-2 CHF correlations.  Under those conditions, the WRB-1 and WRB-2 correlations are 
not applicable and another CHF correlation must be used.  It is industry practice to use the W-3 
(Reference 46) correlation with a DNBR limit of 1.3.  This CHF correlation has been approved 
multiple times by the NRC staff in the past and is considered very conservative since it was 
developed to determine the CHF on the inside of tubes and not for rod bundles.  A rod bundle 
would be able to support a much higher CHF. 
 
MHI has committed to using the W-3 correlation with a DNBR limit of 1.3.  The staff did approve 
an extension for the range of the W-3 which MHI did submit (Reference 47).  That submittal 
allows the W-3 correlation to be used at lower pressures with a DNBR limit of 1.45.  This limit is 
the correlation DNBR limit and does not account for other uncertainties such as rod bow.  
However, as noted in the rod bow topical report (Reference 43), the impact of rod bow on DNBR 
at low pressures is within the repeatability of the test point.  Therefore, as the W-3 correlation is 
only used at these low pressures, any rod bow impacts are insignificant compared to the 
uncertainty in the CHF correlation itself and are therefore ignored.   
 
The ranges of the W-3 correlation are given in their reference topical report and are restated 
here for convince:   
 

Table 3: W-3 Applicability Range  
Parameter W-3 Applicability Range 

Pressure (psia) 
    1000 to 2300  – DNBR 1.3 

      500 to 1000  – DNBR 1.45 

Local mass velocity (106 lbm/hr-ft2) 1.0 to 5.0 

Equivalent diameter based on wetted perimeter (in) 0.2 to 0.7 

Local quality (fraction) -0.15 to 0.15  

Heat length (in) 10 to 144 

 
The use of the WRB-1 or WRB-2 correlation with any other fuel than that tested by MHI 
(Reference 15) or the use of any of the closure relationships, including any CHF correlation, 
outside of their associated ranges listed above is not permitted without further NRC review and 
approval.  The staff has determined that test results validate the use of the given CHF 
correlation and their respective ranges for the US-APWR’s fuel.  The NRC staff has concluded 
that this criterion has been satisfied.     
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3.2.2.9  EM Criterion 9 – Similarity Criteria and Scaling Rationale 
 
Criterion: The reviewers should confirm that the similarity criteria and scaling 

rationales are based on the important phenomena and processes 
identified by the accident scenario identification process and appropriate 
scaling analyses. 

 
The US-APWR has no physical phenomena in the core which differs from the current 
phenomena already considered in VIPRE-01.  After a review of the documentation submitted by 
MHI, the staff did not find anything which would necessitate any additional scaling analysis to 
justify the use of VIPRE-01M.  The NRC staff has concluded that this criterion has been 
satisfied. 
 
3.2.2.10 EM Criterion 10 – Scaling Analysis 
 
Criterion: The reviewers should confirm that scaling analyses were conducted to 

ensure that the data and the models will be applicable to the full scale 
analysis of the plant transient. 

 
The US-APWR has no physical phenomena in the core which differs from the current 
phenomena already considered in VIPRE-01.  After a review of the documentation submitted by 
MHI, the staff did not find anything which would necessitate any additional scaling analysis to 
justify the use of VIPRE-01M.  The NRC staff has concluded that this criterion has been 
satisfied. 
 
While MHI did not need to perform any additional scaling analysis, they did perform additional 
CHF testing to ensure that the MHI fuel bundle was conservatively predicted by the WRB-1 and 
WRB-2 CHF correlations (Reference 16).  PWR CHF testing is performed on a prototypical fuel 
bundle which has all the necessary geometric features such that it would have the same fluid 
flow and heat transfer characteristics as US-APWR fuel, including number and type of grid 
spacers.  Based on the information MHI submitted regarding the CHF testing, the staff 
determined that the tested assembly would provide data applicable to a US-APWR fuel 
assembly.  The NRC staff has concluded that this criterion has been satisfied. 
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3.2.3 Accident Scenario Identification Process (ASIP) 
 
The accident scenario identification process is a structured process used to identify and rank 
the reactor component and physical phenomena modeling requirements based on (a) its 
importance to acceptable modeling of the scenario and (b) its impact on the figures of merit for 
the calculation (e.g., peak cladding temperature and maximum and average cladding oxidation 
thicknesses).  It is also used to identify the key figures of merit or acceptance criteria for the 
accident. 
 
3.2.3.1  ASIP Criterion 1 – Structured Process 
 
Criterion: The reviewers should confirm that the process used for accident scenario 

identification is a structured process. 
 
The events described for the US-APWR are those events typical for a currently operating PWR.  
MHI provided a brief description for each event including the initiating event, subsequent events, 
and outcomes.  A further description was provided in Chapter 15 of the DCD.  The staff has 
determined that this criterion is being reviewed in the Non-LOCA topical report (Reference 37) 
and will not repeat that review here.  The NRC staff has concluded that this criterion has been 
satisfied. 
 
3.2.3.2  ASIP Criterion 2 – Boundary Conditions and Accident Progression 
 
Criterion: The reviewers should confirm that the description of each accident 

scenario provides a complete and accurate description of the plant initial 
and boundary conditions and the accident progression. 

 
A complete description of each transient and accident of the US-APWR is provided in MHI’s 
Non-LOCA topical report (Reference 37) and a separate review of that information was not 
repeated in this review of VIPRE-01M.  The plant initial and boundary conditions as well as the 
accident progression are described in MHI’s Non-LOCA topical report.  Additional information 
regarding the transients and accidents which are modeled with VIPRE-01M can be found in 
Section 3.2.2.2 of this SE.  The staff has determined that this criterion is being reviewed in the 
Non-LOCA topical report and will not repeat that review here.  However, the staff did reference 
the Non-LOCA topical report as guidance in determining that VIPRE-01M was acceptable for 
modeling each transient and accident.  The NRC staff has concluded that this criterion does not 
apply to this review.   
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3.2.3.3  ASIP Criterion 3 – Phenomena Identification and Ranking 
 
Criterion: The reviewers should confirm that the dominant physical phenomena 

influencing the outcome of the accident are correctly identified and 
ranked. 

 
The dominant physical phenomena found in the events of the US-APWR are described in MHI’s 
Non-LOCA topical report (Reference 37) and a separate review of that information was not 
repeated in this review of VIPRE-01M.  The transients and accidents and associated physical 
phenomena are those of a currently operating PWR.  These transients and accidents are well 
understood and VIPRE-01 is an approved code used to model these events.  Based on the 
similarity between the US-APWR and the current operating PWRs and the similarity between 
VIPRE-01M and VIPRE-01, the staff determined that additional physical phenomena 
identification and ranking was not necessary for VIPRE-01M’s analysis of the US-APWR.  The 
NRC staff has concluded that this criterion has been satisfied. 
 
3.2.4 Code Assessment 
 
The code assessment provides a complete assessment of all code models against applicable 
experimental data and/or exact solutions in order to demonstrate that the code is adequate for 
analyzing the chosen scenario. 
 
3.2.4.1  Code Assessment Criterion 1 – Code Assessment and the Range of Conditions 
 
Criterion: The reviewers should confirm that the code assessment adequately 

covers all of the important code models and the full range of conditions 
encountered in the accident scenarios. 

 
The code assessment for VIPRE-01M was performed by calculating five sample problems 
recommended by EPRI in Volume 2 of the VIPRE-01 Report (Reference 2).  In that section, 
EPRI suggested seven sample problems, however two of the seven were not appropriate to use 
because they were for BWR analysis.  Therefore, only the five sample problems pertaining to 
PWRs were calculated.  VIPRE-01M’s results were identical to the VIPRE-01 results performed 
by EPRI.  From this comparison, the staff determined that the staff’s previous regulatory 
conclusions regarding the use of VIPRE-01 were applicable to VIPRE-01M as they were almost 
identical codes.   
 
Additionally, the staff determined that the range of conditions encountered in the transients and 
accidents of the US-APWR are the same as those originally considered in VIPRE-01, for more 
information see Section 3.2.2.2 of this SE.  Also, MHI confirmed that VIPRE-01M can predict the 
thermal hydraulic behavior of the US-APWR fuel by comparing VIPRE-01M predictions to CHF 
test data (Reference16).  Based on the comparison to VIPRE-01, the similar transients and 
physical phenomena, and the comparison to test data from a prototypical fuel assembly, the 
staff has determined that the code assessment of VIPRE-01M has adequately covered all the 
important code models and the full range of conditions expected in the transients and accidents 
it will model.  The NRC staff has concluded that this criterion has been satisfied. 
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3.2.4.2  Code Assessment Criterion 2 – Single Version of the Evaluation Model 
 
Criterion: The reviewers should also verify that all assessment cases were 

performed with a single version of the evaluation model. 
 
In its response to RAI 3.3 (Reference 19), MHI stated that the assessment was performed with 
a single, frozen version of the code.  However, during the staff’s initial audit (Reference 25), it 
became evident that the analysis submitted to the NRC was from multiple versions of VIPRE-
01M.  To demonstrate that the changes between the different versions of VIPRE-01M were 
small, MHI performed analysis which showed the changes from different versions had no impact 
on the results.    
 
The staff has determined that these actions taken by MHI demonstrate that any changes to 
VIPRE-01M were minimal and should have no impact on any safety analysis or any previous 
determinations by the staff.  To ensure that such changes to code versions are appropriately 
performed in the future, the staff is planning an audit of MHI’s code QA some time after the first 
reload analysis has been performed.  The NRC staff has concluded that while this criterion was 
not exactly satisfied, MHI provided sufficient information to ensure that the technical reasoning 
behind the criterion has been satisfied. 
 
3.2.4.3  Code Assessment Criterion 3 – Numerical Solution  
 
Criterion: The reviewers should confirm that the numerical solution conserves all 

important quantities. 
 
The numerical solution scheme used in VIPRE-01M has not been modified from that used in 
VIPRE-01 (Reference 2).  After a review of the documentation submitted by MHI, the staff did 
not find anything which necessitates further review of that numerical scheme.  The staff 
determined that because the important physical phenomena have not changed, the current 
numerical solution scheme remains appropriate.  The NRC staff has concluded that this criterion 
has been satisfied.  
 
3.2.4.4  Code Assessment Criterion 4 – Code Tuning 
 
Criterion: The reviewers should also confirm that all code options that are to be 

used in the accident simulation are appropriate and are not used merely 
for code tuning. 

 
During its audit of VIPRE-01M (Reference 26), the staff was able to confirm that MHI is using 
code options which are appropriate for the accident simulation and not merely used for code 
tuning.  The staff did this by examining the code options selected for specific accident and 
verifying that those options were reasonable for that accident and not chosen to produce certain 
code behavior.  The NRC staff has concluded that this criterion has been satisfied. 
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3.2.4.5  Code Assessment Criterion 5 – Range of Conditions 
 
Criterion: The reviewers should ensure that all code closure relationships based in 

part on experimental data or more detailed calculations have been 
assessed over the full range of conditions encountered in the accident 
scenario by means of comparison to separate effects test data. 

 
MHI provided a list discussion of the correlations as well as its ranges in response to RAI 3.9 
(Reference 19).  The NRC staff has concluded that the submission of this information resolved 
this RAI.  The closure equations chosen by MHI are generally accepted for use in PWR 
transient and accident licensing analysis, for a further discussion see Section 3.2.2.8 of this SE.  
MHI also listed the range of the closure relationships during the audit of VIPRE-01M and the 
staff confirmed that there are mechanisms in place such that the closure relationships cannot be 
used outside their appropriate ranges (Reference 26).  Based on the expected known ranges of 
the transients and accidents, the mechanisms which prevent the relationships from being used 
outside their appropriate ranges, as well as the review of the closure relationships provided in 
Section 3.2.2.8 of this SE, the staff has determined that there has been adequate assessment 
of the closure relationships.  The NRC staff has concluded that this criterion has been satisfied.   
 
3.2.4.6  Code Assessment Criterion 6 – Integral Test Assessments 
 
Criterion: The reviewers should ensure that integral test assessments properly 

demonstrate physical and code model interactions that are determined to 
be important for the full size plant accident scenarios. 

 
The physical and code model interactions of VIPRE-01M have not been modified from those of 
VIPRE-01 (Reference 2).  The staff previously determined that code models were acceptable for 
modeling the physical phenomena of PWR transient and accident analysis in its approval of 
VIPRE-01.  After a review of the documentation submitted by MHI, the staff did not find anything 
which would invalidate this determination.  The staff determined that because the important 
physical phenomena have not changed, further integral testing was not necessary.   
 
As discussed in Section 3.2.2.8, further CHF testing was necessary to confirm VIPRE-01M 
ability to perform accident analysis regarding US-APWR fuel, but this analysis was required for 
validation that the code could predict the fuel performance and not for validation on any one 
specific accident scenario.  The NRC staff has concluded that this criterion has been satisfied. 
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3.2.4.7  Code Assessment Criterion 7 – Compensating Errors 
 
Criterion: The reviewers should ensure that the documentation contains 

comparisons of all important experimental measurements with the code 
predictions in order to expose possible cases of compensating errors. 

 
The staff previously determined that VIPRE-01 was acceptable for performing PWR non-LOCA 
safety analysis.  As addressed in Section 3.2.4.1 of this SE, based in the code assessment the 
same determination is applicable to VIPRE-01M.  This determination was made by considering 
many effects, including the effect of compensating errors.    
 
The documentation submitted by MHI, including the results from the CHF testing 
(Reference 16), demonstrated that VIPRE-01M is able to accurately predict the CHF of a 
prototypical US-APWR fuel assembly.  The comparison of VIPRE-01M predictions to test data 
demonstrates that there are no known impacts from compensating errors.  
 
Based on the previous review of VIPRE-01 as well as the code predictions compared to test 
data, the staff has determined that compensating errors have been accounted for in the 
assessment of VIPRE-01M.  The NRC staff has concluded that this criterion has been satisfied. 
 
3.2.4.8  Code Assessment Criterion 8 – Specific Test Cases 
 
Criterion: The reviewers should confirm that these assessments [specific test cases 

for LOCA to meet the requirements of Appendix K to 10 CFR Part 50 and 
TMI action items for PWR small-break LOCA] have been performed 
where applicable. 

 
These test cases do not apply to the review of VIPRE-01M as it will not be used for the LOCA 
analysis.  The NRC staff has determined that this criterion does not apply to this review.   
 
3.2.4.9  Code Assessment Criterion 9 – Assessment Data 
 
Criterion: The reviewers should refer to published literature for sources of 

assessment data for specific phenomena, accident scenarios, and plant 
types. 

 
As detailed in Section 3.2.4.1 of this SE, MHI has demonstrated that the assessment of VIPRE-
01 is applicable to its use of VIPRE-01M.  The only additional assessment required was used to 
demonstrate that VIPRE-01M can predict the thermal hydraulic behavior of US-APWR fuel.  
That assessment was performed and further information can be found in MHI’s CHF test report 
(Reference 16).  Based on the previous code assessment and VIPRE-01M’s predictions 
compared to test data, the staff has determined that no further code assessment is required.  
The NRC staff has concluded that this criterion has been satisfied. 
 
3.2.5 Uncertainty Analysis 
 
Uncertainty analyses are performed to confirm that the combined code and application 
uncertainty is less than the design margin for the safety parameter of interest when the code is 
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used in a licensing calculation.  Examples of safety parameters are PCT, cladding oxidation 
thickness, DNBR, and critical power ratio (CPR). 
 
3.2.5.1  Uncertainty Analysis Criterion 1 – Uncertainty Calculation 
 
Criterion: The reviewers should confirm that the method for calculating uncertainty 

contains all important sources of uncertainty and that a sample 
uncertainty calculation for a prototypical plant gives a reasonable estimate 
of the calculation uncertainty. 

 
MHI provided a description and a sample uncertainty analysis for a prototypical plant in its 
response to RAIs 4.1 and 4.2 (Reference 19).  The staff has determined that the submission of 
this information resolved these RAIs.  The analysis considered all main sources of uncertainty 
including uncertainty in the power, inlet temperature, pressure, flow, peaking factors, code, and 
correlation uncertainty.  To combine these uncertainties, MHI is using the Revised Thermal 
Design Procedure (RTDP) (Reference 48).  The RTDP method has previously been reviewed 
and approved.  The sample uncertainty calculation gives an estimate of uncertainty in the 
expected range for a PWR.  Based on the submitted information, the sample uncertainty 
analysis, and the use of an approved uncertainty procedure the staff has determined that MHI’s 
method for calculating uncertainty is appropriate for use in non-LOCA safety analysis.  The NRC 
staff has concluded that this criterion has been satisfied. 
 
3.2.5.2  Uncertainty Analysis Criterion 2 – Important Sources of Uncertainty 
 
Criterion: The reviewers should confirm that the accident scenario identification 

process was used in identifying the important sources of uncertainty. 
 
The events described for the US-APWR are those events typical for a currently operating PWR.  
MHI provided a brief description for each event including the initiating event, subsequent events, 
and outcomes.  A further description was provided in Chapter 15 of the DCD.  The staff has 
determined that no new sources of uncertainty are required to capture the uncertainty in the 
calculation.  The uncertainties identified in the NRC approved RTDP topical report are the same 
as the uncertainties provided in MHI’s sample calculation.  Therefore the staff has determined 
that the important sources of uncertainty are being accounted for by MHI.  The NRC staff has 
concluded that this criterion has been satisfied.  
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3.2.5.3  Uncertainty Analysis Criterion 3 – Code Uncertainty 
 
Criterion: The reviewers should confirm that sources of code uncertainty have been 

addressed. 
 
The code uncertainty has been accounted for as a separate uncertainty in MHI’s uncertainty 
analysis.  Additionally, the code models’ uncertainties are captured through the 95/95 DNBR 
limit of the CHF correlations.  Using the 95/95 limit ensures that the correlations predict CHF 95 
percent of the time with a 95 percent confidence level.  Based on the explicit code uncertainty 
term in MHI’s uncertainty analysis and the use of a 95/95 limit which also accounts for the 
uncertainty in the code models, the staff has determined that code uncertainties have been 
addressed.  The NRC staff has concluded that this criterion has been satisfied. 
 
3.2.5.4  Uncertainty Analysis Criterion 4 – Calculation Uncertainty 
 
Criterion: The reviewers should confirm that sources of calculation uncertainties 

have been addressed, including uncertainties in plant model input 
parameters for plant operating conditions (e.g., accident initial conditions, 
set points, and boundary conditions). 

 
The uncertainty analysis provided by MHI did address the general forms of plant model input 
uncertainties for operating conditions such as power, pressure, flow, bypass flow, and 
temperature.  Therefore the uncertainties for transients and accidents in which CHF is a 
concern have been addressed.  For postulated accidents such as locked rotor where PCT is the 
parameter of interest, the uncertainties shall be addressed in the justification which is submitted 
for each use.  Based on the uncertainties such as power, pressure, flow, bypass flow, and 
temperature being accounted for in MHI’s uncertainty analysis, the staff has determined that the 
uncertainties have been addressed for the plant operating conditions.  The NRC staff has 
concluded that this criterion has been satisfied.   
 
3.2.5.5  Uncertainty Analysis Criterion 5 – Experimental Uncertainty  
 
Criterion: The reviewers should confirm that the uncertainties in the experimental 

data base have been addressed. 
 
The experimental uncertainties are addressed through the 95/95 limit from the CHF tests.  This 
value bounds the CHF correlation including the experimental uncertainty and is further 
described in Section 3.2.2.8 of this SE.  The staff determined that the use of the 95/95 limit for 
DNBR adequately captures the experimental uncertainties of the CHF testing.  No other 
experimental uncertainties were relevant for this review.  The NRC staff has concluded that this 
criterion has been satisfied.   
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3.2.5.6  Uncertainty Analysis Criterion 6 – Calculated and Predicted Results 
 
Criterion: For separate effects tests and integral effects tests, the reviewers should 

confirm that the differences between calculated results and experimental 
data for important phenomena have been quantified for bias and 
deviation. 

 
The documentation for VIPRE-01 (Volume 4 of Reference 2) provides the calculated and 
predicted results for the VIPRE-01, including results with specific closure correlations.  As 
discussed in Section 3.2.2.8 of this SE, the models and correlations in VIPRE-01M were 
validated by comparison VIPRE-01M predictions to prototypical US-APWR test data 
(Reference 16).  The differences between the calculated results and the experimental data have 
been accounted for in the 95/95 DNBR limit of the WRB-1 and WRB-2 CHF correlations.  The 
staff has determined that the 95/95 DNBR limit has quantified for any bias and deviation in the 
CHF experimental results.  The NRC staff has concluded that this criterion has been satisfied. 
 
3.2.5.7  Uncertainty Analysis Criterion 7 – Data with Large Uncertainties 
 
Criterion: The reviewers should confirm that data sets and correlations with experimental 

uncertainties that are too large when compared to the requirements for 
evaluation model assessment are not used. 

 
The staff confirmed that there were no data sets or correlations with uncertainties that were too 
large when compared to the requirements for the evaluation model.  The correlations used in 
VIPRE-01M are those generally used in the nuclear industry.  Additionally, the CHF correlations 
used were validated for US-APWR fuel (Reference 16) with conservative 95/95 DNBR 
correlation limit of 1.17.  The NRC staff has concluded that this criterion has been satisfied. 
 
3.2.5.8  Uncertainty Analysis Criterion 8 – Uncertainties and Design Margin  
 
Criterion: When the code is used in a licensing calculation, the reviewers should 

confirm that the combined code and application uncertainty is less than 
the design margin for the safety parameter of interest in the calculation. 

 
In its response to RAI 1.4 (Reference 19), MHI provided an overview of their thermal design 
methodology.  The NRC staff has concluded that the submission of this information resolved 
this RAI.  MHI combines the uncertainties using the RTDP method to produce a design limit 
DNBR.  VIPRE-01M then calculates the minimum DNBR for each transient and accident.  The 
minimum DNBR from each transient and accident is compared to the DNBR limit.  By 
accounting for the uncertainties in the DNBR limit and by comparing the DNBR limit to the 
minimum DNBR from each transient and accident to ensure the DNBR limit is always less than 
the minimum DNBR, the staff has determined that the uncertainty will be less than the design 
margin for the DNBR.  MHI should perform a similar procedure when performing PCT analysis 
on the locked rotor event.  The NRC staff has concluded that this criterion has been satisfied. 
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3.2.6 Quality Assurance Plan 
 
The QA Program covers the procedures for design control, document control, software 
configuration control and testing, and error identification and corrective actions used in the 
development and maintenance of the evaluation model.  The program also ensures adequate 
training of personnel involved with code development and maintenance, as well as those who 
perform the analyses. 
 
3.2.6.1  QAP Criterion-01 – Appendix B Quality Assurance Program 
 
Criterion: The reviewers should confirm that the evaluation model is maintained 

under a quality assurance program that meets the requirements of 
Appendix B to 10 CFR Part 50. 

 
In its response to RAI 7.2 (Reference 19) MHI confirmed that the changes made to VIPRE-01 
MOD 2.2.1 to produce VIPRE-01M MOD 2.2.1 MHI 1.2.0 were made under their code QAP 
(Reference 21).  The NRC staff has concluded that the submission of this information resolved 
this RAI.  In Reference 35 the staff confirmed that MHI’s code QAP conforms to the 
requirements of Appendix B to 10 CFR Part 50.  Based on the statements made by MHI and the 
staff’s inspection, the staff has determined that VIPRE-01M has been kept under a QAP that 
meets the requirements of Appendix B to 10 CFR 50.  The NRC staff has concluded that this 
criterion has been satisfied.   
 
3.2.6.2  QAP Criterion-02 – Quality Assurance Documentation 
 
Criterion: The reviewers should confirm that the quality assurance program 

documentation includes procedures that address all of these areas 
[design control, document control, software configuration control and 
testing, and corrective actions]. 

 
MHI submitted documentation describing its code QAP (Reference 21).  The staff reviewed this 
documentation and performed a review of MHI’s code QA process (References 25 and 26).  As 
a result of the review of the documentation and the inspection the staff determined that MHI’s 
code QAP includes procedures which address the areas of design control, document control, 
software configuration control and testing, and corrective actions.  The NRC staff has concluded 
that this criterion has been satisfied. 
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3.2.6.3  QAP Criterion-03 – Independent Peer Review 
 
Criterion: The reviewers should confirm that independent peer reviews were 

performed at key steps in the evaluation model development process. 
 
MHI submitted documentation describing its code QAP (Reference 21).  The staff reviewed this 
documentation and performed a review of MHI’s code QA process (References 25 and 26).   
MHI’s submittal included documentation that its code QAP had been peer reviewed throughout 
the process and when the peer review was conducted.  As a result the NRC staff has concluded 
that peer review was conducted at key steps in the analysis process, and that this criterion has 
been satisfied. 
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4.0 RAI SUMMARY 
 
Often, the staff finds it necessary to create RAIs to gain a more complete understanding of the 
material under review.  To best capture the thought process of the NRC staff, each RAI is 
addressed below in the following manner: 
 
4.R.N  RAI Title   (R = Round of RAI, N = RAI number in that round) 

 
RAI: The RAI as sent to the vendor/licensee. 
 
Comment: Any additional comments by the NRC staff explaining the RAI.      
 
Response: The reference from the vendor/licensee which answers the RAI. 
 
Resolution: The NRC staff’s final comments on the response.   
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4.1 Round 1 
 
These RAI’s can be found in Reference 6 and are restated here for convenience.  The RAI 
notation for this round is as follows:  G = General Comments, S = Sensitivity Studies, TP = 
Thermal Properties, MW = Metal Water Reaction, M = MARVEL, DNB = DNB Correlation. 
 
 
4.1.1   G-1  
 
RAI: On page 3-2, MHI references the MARVEL code.  Reference 17 appears to be a 

non-loss-of-coolant accident (LOCA) methodology.  Provide a description of all 
changes made to the MARVEL code from the previously approved version. 

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by referencing MUAP-07010-P, its non-LOCA topical which 

describes the changes made by MHI to the previously approved MARVEL code 
(Reference 37).  The staff has determined that this question is being reviewed in 
the Non-LOCA topical report and will not repeat that review here.  The NRC staff 
has concluded that this RAI has been resolved. 

 
 
4.1.2   G-2 
 
RAI: The statement in Section 6.4 on Page 6-1 needs clarification on the term 

“conservative result”, as compared to what, or how to select the value to be 
conservative.   

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by clarifying how the value (in this case gap conductance) was 

selected and determined to be conservative for the scenario in question.  The 
staff has found that this response coincides with the staff’s own definition of 
conservative.  The staff notes, as MHI has done, that a conservative result is 
dependent on the quantity in question.  Assumptions made to conservatively bias 
one output in a simulation may be directly opposite the assumption necessary to 
conservatively bias another output in the same simulation.  The NRC staff has 
concluded that this RAI has been resolved. 
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4.1.3   G-3 
 
RAI: The reference number for Item (1) on Page 8-1 should be 11 not 12.   
 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded and agreed with the staff’s correction.  The staff has found that 

MHI’s response corrects the mistake in the topical report.  The NRC staff has 
concluded that this RAI has been resolved. 

 
 
4.1.4   G-4 
 
RAI: In Appendix A, the number of axial nodes for cases 3 and 4 (Table A.1-2) does 

not agree with either the nodalization diagram (Figure A.1-4), or the result keys 
(Figures A1.5 thru 7).  Please clarify the discrepancy.     

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded and corrected the discrepancy.  The staff has found that MHI’s 

response corrects the mistake in the topical report.  The NRC staff has 
concluded that this RAI has been resolved. 

 
 
4.1.5   G-5 
 
RAI: In Appendix B, the database for the WRB-2 DNB correlation does not appear to 

support the lower grid spacing value (10 inches, database 22 inches).  Please 
explain the effect of lower grid spacing on the departure from nucleate boiling 
(DNB) correlation.       

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded detailing the approved range of the WRB-2 CHF correlation, as 

well as providing a figure which demonstrates the effect of decreased grid 
spacing on CHF.  The staff agrees that the approved range of the WRB-2 CHF 
correlation does include grid spaces as low as 10 inches apart.  The NRC staff 
has concluded that this RAI has been resolved. 
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4.1.6   G-6 
 
RAI: Please confirm that the sensitivity studies directly relate to the MHI fuel to be 

used in the US-APWR.    
 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI confirmed that the sensitivity studies in Appendix A were based in the US-

APWR fuel design; except the time step sensitivity study, which was based on a 
generic PWR core.  The staff has found that this response provides the additional 
details needed to better understand the sensitivity studies.  The staff also agrees 
with MHI that the time step sensitivity is driven more by the Courant number (it 
should be kept greater than one) and not the fuel type.  The NRC staff has 
concluded that this RAI has been resolved. 

 
 
4.1.7   S-1 
 
RAI: MHI intends to replace FACTRAN with VIPRE-01M for the performance of 

Chapter 15 (condition III or IV) non-LOCA event transient, which are PCT limited 
instead of DNB limited.  Options for forced film boiling at the hot spot and the Zr-
H20 reaction heat generation within the clad were added to the code.  The 
sensitivity studies reported only address DNB results.   

 
Please provide sensitivity studies affecting PCT results, such as nodalization, 
time step, properties, etc.    

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded with sensitivity studies of the nodalization, time step, and UO2 

and Zirconium properties as a function of both PCT and reacted Zirconium.  The 
sensitivity studies showed that the nodalization, time step, and properties did not 
impact the calculation.  The staff has found these results acceptable for 
demonstrating the robustness of VIPRE-01M.  The NRC staff has concluded that 
this RAI has been resolved. 
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4.1.8   S-2 
 
RAI: Section 4.1(2) Axial Nodalization, states that the number of axial meshes does 

not have significant impact on DNB ratio results; however, an increase in 
elevational discrepancy between cell center and grid location may have adverse 
effect.  Please discuss the magnitude of the effect and the user guidance/control 
established to offset this effect.      

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by further discussing the Axial Nodalization sensitivity performed 

in Appendix A of the topical report, MHI’s conclusions from this study, and the 
resulting guidelines provided to the analysts.  The staff has found that the 
resulting guidelines would minimize any discrepancies between the cell center 
and grid location.  The NRC staff has concluded that this RAI has been resolved. 

 
 
4.1.9   TP-1 
 
RAI: It is stated in this section that a degradation effect, due to burnup, is applied to 

the thermal conductivity.  Please describe the burnup degradation model and 
provide results of analysis of the effect at various burnups up to the limiting fuel 
burnup.       

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by describing its fuel thermal conductivity model and providing 

plots of the fuel thermal conductivity at various burnups.  The staff has found this 
description sufficient to enable the staff’s understanding.  The NRC staff has 
concluded that this RAI has been resolved. 
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4.1.10   MW-1 
 
RAI: Limitations in VIPRE-01M’s basic capabilities limit the potential for 

enhancements.  For example, constant material density since the code does not 
account for changes, and the simplified Zr-H2O layer treatment.   

  
 Other than comparison to FACTRAN, what assessment of the model was 

performed?       
 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by discussing its comparison of the result of VIPRE-01M to the 

FINE fuel design code.  The staff has found that this response answered the 
initial inquiry.  The NRC staff has concluded that this RAI has been resolved. 

 
 
4.1.11   MW-2 
 
RAI: Limitations in VIPRE-01M’s basic capabilities limit the potential for 

enhancements.  For example, constant material density since the code does not 
account for changes, and the simplified Zr-H2O layer treatment. 

  
 Can fuel pin failure occur resulting in oxidation on the interior surface of the 

cladding?       
 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by saying that the VIPRE-01M analyses are conducted to ensure 

the clad does not fail, and not what would happen if the clad were to fail.  The 
staff has found this response in agreement with the staff’s own view of the role of 
VIPRE-01M.  The NRC staff has concluded that this RAI has been resolved. 
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4.1.12   MW-3 
 
RAI: Limitations in VIPRE-01M’s basic capabilities limit the potential for 

enhancements.  For example, constant material density since the code does not 
account for changes, and the simplified Zr-H2O layer treatment. 

  
 Provide a discussion of any difference between the FACTRAN models and the 

models implemented in VIPRE-01M.  Address the treatment of the oxide layer as 
a composite material.        

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by providing a brief discussion of the differences between the 

FACTRAN and VIPRE-01M treatment of the oxide layer.  The staff has found that 
this response answers the initial inquiry.  The NRC staff has concluded that this 
RAI has been resolved. 
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4.1.13   M-1 
 
RAI: Can the VIPRE-01M core flow driver code (MARVEL) adequately treat 

asymmetrical core flow?  For example, a locked pump rotor, with loss of flow in 
1-of-4 reactor coolant loops resulting in some portion of the core receiving less 
than the total pumped flow.  If the total flow is 400 units, than each core quadrant 
obtains 100 units.  The loss of flow in one reactor coolant loop means a total of 
300 units, but the remaining 3-of-4 reactor coolant loops would likely see more 
than the loop without the pump (not necessarily 75 units each, but, perhaps, 90 
units in three and 30 units in the other).  How does this impact the applicability of 
the 1/8-core model, Figure 4.1, page 4-7?      

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by stating that from its experience with both analyses and flow 

testing, there would be sufficient mixing in the lower plenum that azimuthally 
uniform core flow is a reasonable assumption.  MHI’s experience has shown that 
the flow is mixed very quickly by the time it enters that core.  While the staff does 
believe this argument has merit, there has not been any data presented to the 
staff to demonstrate these claims.  However, what had been presented to the 
staff are sensitivity studies performed by MHI where the hot assembly inlet flow is 
reduced compared to the rest of the core flow.  These sensitivity studies 
demonstrate that a reduction in hot assembly, compared to average core flow, 
has an almost imperceptible impact on DNBR due to the quick flow redistribution 
which occurs in the open lattice core.  That staff has found that these sensitivity 
studies demonstrate that ability of the core to correct for possible flow distribution 
anomalies.  Additionally, the review of MARVEL-M is a separate review which will 
not be repeated here.  The NRC staff has concluded that this RAI has been 
resolved. 
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4.1.14   DNB-1 
 
RAI: General:  There are no 14 foot data referenced in the Topical Report MUAP-

07009-P.  All of the Columbia test data are for 12 foot Westinghouse/MHI fuel.  
MHI is assuming that the grid spacer studies conducted at Columbia for the 12 
foot fuel are applicable to the MHI 14 foot fuel.  Provide quantitative and 
qualitative technical justification for this assumption.        

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded with a detailed discussion regarding its application of MHI fuel to 

the WRB-1 and WRB-2 CHF correlations.  However, due to the complex physics 
surrounding boiling crisis and the highly empirical nature of CHF correlation, the 
staff believes all CHF correlations must not be used outside of its test base, no 
matter how small the difference between that test base and the fuel type in 
question.  Therefore, MHI committed to and performed CHF prototypical testing.  
The staff found the test results demonstrated that the WRB-1 and WRB-2 
correlations were valid for MHI’s described fuel type for the US-APWR 
(Reference 16).  The NRC staff has concluded that this RAI has been resolved. 
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4.1.15   DNB-2 
 
RAI: Based on figures in Appendix C, it appears that the grid spacing in the MHI fuel 

design is less than the minimum used in the test programs (database).  In 
addition, a grid spacer is located 0.7 inches above the start of the heated length 
of the core.  Two grid spacers occur before the 13 inches or 10 inch lower limit of 
the database.        

 
 It is not clear if the database referenced is complete or just a part of the database 

used to develop the actual DNB correlations.  MHI omitted some data, see 
Appendix B.  The database is used to establish a 95/95 DNB limit and then show 
the MHI fuel database supports the 1.17 minimum DNB value.    

  
a. What is the expected impact of the grid spacers near the core entrance?  

Would they improve or degrade the grid spacer enhancements measured 
higher in the bundle?  If the spacers streamline the flow then the 
turbulence enhancement seen higher up may actually be less – the DNB 
location needs to be considered.  What does the “goodness” of the 
predicted-to-measured ratio mean? 
 

b. Westinghouse, for example, typically does not credit improvements below 
the first grid space, and instead uses a different DNB correlation (no 
enhancements) for that region.  It would seem MHI uses the enhanced 
DNB correlations over the full height, perhaps conceptually correct but not 
obvious from the database.  Provide justification that this approach is 
appropriate.   

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by clarifying its submittal.  The apparent shorter grid spacing in 

Appendix C is caused by “simple support grids” which are used only in testing 
(they are needed to the oppose large magnetic forces due to the strong electric 
current going through the simulated fuel rods).  These support grids are believed 
to have minimal impact on DNBR and the NRC agreed with this determination in 
the SER for WRB-1 (Reference 44).  Additionally, MHI performed its own 
analysis of the simple support grids (Reference 16) and came to the same 
conclusions as the staff.   
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Grid spacers near the core entrance are believed to have no noticeable impact 
on DNBR, as the grid spacer effect degrades rather quickly with elevation and 
DNBR occurs much closer to the top of the core.  Additionally, MHI will not credit 
the lowest grid spacer.  Since this lowest grid spacer does not have mixing 
vanes, MHI has committed to using the W-3 correlation without a spacer factor 
for the span between the first and the second grids.  The staff has found these 
responses to be consistent with the staff’s experience in this matter.  However, 
as stated in the ‘Resolution’ to DNB-1, it was the testing of MHI prototypical fuel 
that validated the use of the WRB-1 and WRB-2 correlations for US-APWR fuel 
(Reference 16).  The NRC staff has concluded that this RAI has been resolved. 
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4.1.16   DNB-3 
 
RAI: On Page 5-1 of Topical Report MUAP-07009-P, the first paragraph of Section 5.1 

alludes to the use of the W-3 correlation in regions outside the ranges of the 
WRB1/2 correlations.  No detail was provided as to where exactly the W-3 
correlation applies.  The applicable ranges of the W-3 correlations needs to be 
stated and demonstrated to be valid as per the NRC approved SER for this 
correlation.          

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by provide its anticipated range of the W-3 correlation as well as 

providing the reference for the W-3 extension (Reference 47).  The staff found 
that this response answered the initial inquiry.  The NRC staff has concluded that 
this RAI has been resolved. 

 
 
4.1.17   DNB-4 
 
RAI: On Page 7-4 of Topical Report MUAP-07009-P, it is not clear from Tables 7-1 

and 7-2 whether the stated thermal hydraulic parameters cover the expected 
ranges of operation (stead state and transient domains), for the US-APWR.  
Please relate the thermal hydraulic parameters to the expected operational 
ranges.         

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by relating the thermal hydraulic parameters to the expected 

operation ranges.  The staff found that this response answered the initial inquiry.  
The NRC staff has concluded that this RAI has been resolved. 
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4.1.18   DNB-5 
 
RAI: On Page 7-5 of Topical Report MUAP-07009-P, Figures 7-1 thru 7-16 provide a 

variety of void model behavior as a function of chosen thermal hydraulic 
parameters.  Of particular interest to the NRC staff is the void fraction behavior 
as a function of axial height.  It appears that approximately 2/3 up the core, void 
effects come into play.  Is this void behavior captured in the neutronic models as 
well as the thermal hydraulic models?       

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by stating that the subcooled void effect is conservatively ignored 

by the nuclear design codes.  The voids suppress the power generation due to 
less moderation of neutrons.  Ignoring such suppression would therefore 
increase the power of the transient and be more limiting and more conservative.  
That staff has found this explanation reasonable.  The NRC staff has concluded 
that this RAI has been resolved. 

 
 
4.1.19   DNB-6 
 
RAI: Regarding these same figures, it appears that the operational domain of the US-

APWR could entail void fractions on the order of 80 to 85 percent.  How do these 
high void fractions compare to current PWRs, and how are these high voids 
accounted for in the thermal and neutronic models?      

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by explaining that the void fractions are similar to those of current 

PWRs.  The staff has found that this answer satisfies the initial inquiry.  The NRC 
staff has concluded that this RAI has been resolved. 
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4.1.20   DNB-7 
 
RAI: In Appendix B, Page B-1 of Topical Report MUAP-07009-P, the first paragraph 

alludes to the use of the WRB-1 and WRB-2 DNB correlation in the sub-channel 
code VIPRE-01M to determine the DNB value for the US-APWR.  It is not clear 
to the staff from this paragraph whether the data bases for the WRB-1 and 2 
cover the intended operational range of the US-APWR.       

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded by asserting that the WRB-1 and WRB-2’s range covers the 

intended operation range of the US-APWR and referenced the RAI response for 
DNB-9 to demonstrate this.  The staff has found that this answer satisfies the 
initial inquiry.  The NRC staff has concluded that this RAI has been resolved. 

 
 
4.1.21   DNB-8 
 
RAI: Appendix C – Page C-1, provides a description of the z1 and z3 spacer tests 

conducted at Columbia University.  It appears that these tests were conducted on 
12 foot fuel and only with a cosine power profile.  No justification was provided in 
this appendix as to why 12 foot test data is applicable to 14 foot fuel.  Please 
provide qualitative and quantitative technical justification in support of the 
intended application.        

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: This RAI is similar to DNB-1, and its resolution is also the same.  The staff found 

the test results from the US-APWR CHF testing demonstrated that the WRB-1 
and WRB-2 correlations were valid for MHI’s described fuel type for the US-
APWR (Reference 16).  The NRC staff has concluded that this RAI has been 
resolved. 
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4.1.22   DNB-9 
 
RAI: In neither Appendix B nor C are the operating ranges, pressure, mass flow, 

quality, temperatures, etc., stated.  Please provide table(s) showing the full 
operational ranges of the US-APWR compared to the current PWRs, (12 and 14 
foot cores).  Explain any differences.         

 
Comment: None.      
 
Response: Given in Reference 7. 
 
Resolution: MHI responded with a table showing the ranges of the WRB-1 and WRB-2 

correlations as well as the corresponding ranges of the US-APWR and a typical 
four loop plant.  The staff has determined that this table demonstrates that the 
WRB-1 and WRB-2 correlations do bound the operational range of the US-
APWR, and the other values in the table answer the staff’s initial inquiry.  The 
NRC staff has concluded that this RAI has been resolved.  
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4.2 Round 2 
 
These RAI’s can be found in Reference 10 and are restated here for convenience. 
 
 
4.2.1   1 
 
RAI: Provide a description of a reference of the fuel which MHI intends to use in the 

US-APWR, which includes the number of grid spacers and the distance between 
grid spacers.          

 
Comment: A description of the fuel type, while given in other documents, was not given or 

referenced in MUAP-07009.  The staff felt it was necessary to have some 
description as the CHF correlations are generally only approved for specific fuel 
types.       

 
Response: Given in Reference 11. 
 
Resolution: MHI responded with a description of the fuel for the US-APWR including a table 

with all relevant fuel geometry parameters.  The staff found this response 
answers the initial inquiry.  The NRC staff has concluded that this RAI has been 
resolved. 
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4.2.2   2 
 
RAI: MHI is requested to demonstrate that the US-APWR fuel can be conservatively 

predicted by the WRB-1 and WRB-2 correlations.  In the past, this has been 
accomplished through test data specific to the fuel design in question.  In its 
response to RAI DNB-1, and subsequent MHI presentation to the ACRS between 
October 23 – 24, 2008, MHI indicated that the fuel used in the US-APWR would 
differ from fuel used in the WRB-1 and WRB-2 data bases, as well as differ from 
the fuel and data presented in Appendix C of the US-APWR Thermal Design 
Methodology (MUAP-07009-P).  Compared with the fuel used in generating the 
WRB-1 and WRB-2 correlations, the US-APWR fuel will have different grid 
designs (Z2 and Z3).  Compared with the fuel in Appendix C, the US-APWR fuel 
will have a 14 foot heated length instead of a 12 foot heated length, will have 
additional grid spacers, and may have a different grid spacing (it is not clear what 
the grid spacing of the US-APWR fuel will be).  To demonstrate that US-APWR 
fuel can be conservatively predicted by the WRB-1 and WRB-2 correlations, MHI 
must provide one of the following: 

 
A. MHI will need to provide the NRC with data confirming the WRB-1 and 

WRB-2 correlations ability to conservatively predict CHF for the US-
APWR fuel.  This data must be from a test assembly which matches all of 
the relevant parameters which affect the CHF performance of the US-
APWR fuel (such as hydraulic diameter, grid type, grid spacing, heat 
length, etc…). 

 
B. MHI will need to provide the NRC with a substantial technical justification 

as to the similarities between the US-APWR fuel and the fuel for which 
MHI does have data.  This justification would need to contain arguments 
specifically related to the thermal hydraulic phenomena occurring in a fuel 
bundle, as well as some demonstrate that those phenomena are 
understood sufficiently as to allow MHI to predicted with a high degree of 
certainty the behavior of an untested fuel design. 

 
C. Finally, MHI must provide test data to validate the applicability of the 

WRB-1 and the WRB-2 correlations specific to fuel design intended for 
use in the US-APWR. 

 
Comment: It was unclear if MHI planned to submit data which would validate the WRB-1 

and WRB-2 CHF correlations for MHI fuel, or if MHI planned to make a similarity 
argument from first principles.       

 
Response: Given in Reference 11. 
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Resolution: After further discussions with the staff regarding this RAI, MHI committed to 
perform prototypical CHF testing to ensure that the WRB-1 and WRB-2 
correlations were valid for the US-APWR fuel.  While the staff does not disagree 
with MHI’s response to this RAI, the staff is also aware of the complicated 
phenomena associated with boiling crisis.  Historically, the staff has required that 
all fuel must be tested in a prototypical CHF test before the staff approves a CHF 
correlation for a given fuel design.  The staff has found the results of the CHF of 
US-APWR fuel provide the necessary assurance that the WRB-1 and WRB-2 
correlations can be used to predicted DNBR on US-APWR fuel (Reference 16).  
The NRC staff has concluded that this RAI has been resolved. 
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4.3 Round 3 
 
These RAI’s can be found in Reference 17 and are restated here for convenience.  The RAI 
number scheme corresponds with the outline of Chapter 3.2 this SER.   
 
 
4.3.1   RAI 1.1 

 
RAI: Identify the specific accident/transient scenarios and plant configurations for each 

application in which VIPRE-01M will be used.  Include the parameters of interest, 
figures of merit, and limiting transients. 

 
Comment: This information was requested to which accidents and transients would be 

analyzed with VIPRE-01M.      
 
Response: Given in References 19.  
 
Resolution: MHI responded with a list of the transients and accidents which will be analyzed 

with VIPRE-01M as well as the associated figures of merit.  Similar approvals of 
VIPRE-01 in the past have also been used to analyze these accidents and 
transients (Reference 3 and 5).  The staff found the submitted documentation did 
list the transients and accidents which would be analyzed with VIPRE-01M.  The 
NRC staff has concluded that this RAI has been resolved. 
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4.3.2   RAI 1.2 
 

RAI: For the scenarios identified in RAI 1.1 (above), provide justification that the 
specific accident/transient scenarios can be adequately modeled with VIPRE-
01M.  This means that models must be present in the VIPRE-01M code to 
capture the phenomena and components that have been determined to be 
important or necessary to simulate the accident/transient under consideration.  
The chosen mathematical models and numerical solution of those models must 
be able to predict the important physical phenomena reasonably well from both 
qualitative and quantitative points of view. 

 
Comment: This information was requested to determine if VIPRE-01M could adequately 

those transients and accidents defined in RAI 1.1.   
 
Response: Given in References 19. 
 
Resolution: MHI responded detailing the key parameters from the list of transients and 

accidents, the physical phenomena which impacted those key parameters, and 
the VIPRE-01M models which would be used to model those physical 
phenomena.  The VIPRE-01M models are known to the staff and are acceptable 
for modeling their associated physical phenomena, where questions remained 
the staff made additional RAIs.  The staff found that the documentation did detail 
the correlations used in VIPRE-01M and identified the phenomena which each 
correlation models.  The NRC staff has concluded that this RAI has been 
resolved. 

 
 
4.3.3   RAI 1.3 

 
RAI: Provide the following listed in Chapter 9.0 of MUAP-07009-P to the NRC: 

References 1,2,3,4,5, and 18. 
 
Comment: The above references in the topical report were unavailable to the staff and 

therefore these references were requested.  
 
Response: Given in References 19. 
 
Resolution: MHI responded by providing the appropriate references.  MHI could not supply 

the references for VIPRE-01 because the documents are owned by EPRI and 
MHI did not have the rights to submit the document.  The staff has been able to 
contact EPRI and receive a copy of the documents.  The staff found that the 
submitted information did enable the staff to obtain copies of the required 
documents.  The NRC staff has concluded that this RAI has been resolved. 
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4.3.4   RAI 1.4 
 

RAI: Provide an overview of the thermal design methodology which provides a clear 
roadmap describing all parts of the thermal design methodology and the 
relationships between the separate parts. 

 
 In this overview, describe where VIPRE-01M receives its inputs, which codes 

interact with VIPRE-01M (provides input to VIPRE-01M or receives output from 
VIPRE-01M), and what is done with the output from VIPRE-01M.  References 
should be supplied for any interacting codes, as well as verification that the 
codes are approved by the NRC and are being used within their conditions and 
limitations. 

 
Comment: This information was requested to provide the staff with an overall picture of how 

VIPRE-01M would be used in performing non-LOCA safety analysis.  
 
Response: Given in References 19. 
 
Resolution: MHI responded by providing a brief overview of its thermal design methodology.  

The DNB design basis, “that there is at least a 95% probability at a 95% 
confidence level that the hot fuel rod in the core does not experience a DNB 
phenomenon during normal operation and anticipated operational occurrences” 
is met by demonstrating that the DNBR never falls below a certain limit.  If the 
DNBR remains above the DNBR limit, there will be greater than a 95 percent 
probability at a 95 percent confidence level that the hot fuel rod in the core will 
not experience DNB and thus the design basis will be met.   
 
The DNBR limit is obtained from a combination of uncertainties and any 
additional margin.  Following the establishing of the limit, the transients and 
accidents are analyzed and VIPRE-01M is used to demonstrate that minimum 
DNBR from each transient and accident still remains above the DNBR limit.   
 
Also, the DNBR limit can be used to generate core thermal limits and trip 
setpoints, but those aspects were not part of this review.  The staff found that the 
submitted information did provide an overview of the use of VIPRE-01M.  The 
NRC staff has concluded that this RAI has been resolved. 
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4.3.5   RAI 1.5 
 

RAI: Identify which MOD of VIPRE-01 was used to create VIPRE-01M and which 
revision of documentation was used.  If something other than MOD-01 or MOD-
02 were used (for example, MOD-2.1), MHI may need to provide additional 
justification because even a “small” change to the evaluation model can have 
unintended consequences on calculation results that were through to not be 
impacted by the changes. 

 
Comment: This information was requested to determine which version of VIPRE was the 

origin of VIPRE-01M.  VIPRE-01 MOD-1.0 and VIPRE-01-MOD 2.0 were both 
reviewed and approved by the NRC on a generic basis, but any change to a 
code requires certain verification and validation.  

 
Response: Given in References 19.  Updated with Reference 23.    
 
Resolution: MHI responded by detailing which version of VIPRE-01 was the origin of VIPRE-

01M.  VIPRE-01M originated in VIPRE-01 MOD 2.2.1.  MHI provided a list of the 
features added to the code between VIPRE-01 MOD 2.0 and VIPRE-01 MOD 
2.2.1.  CSA, the keeper of the code, confirmed that the changes to VIPRE-01 did 
not impact the calculation results.  The staff found that the submitted information 
identify which version of VIPRE-01 was the starting point for VIPRE-01M.  The 
NRC staff has concluded that this RAI has been resolved. 

 
4.3.6   RAI 1.6 
 
RAI: The NRC generic SER for VIPRE-01 MOD-01 includes five conditions for use of 

the code.  The NRC generic SER for VIPRE-01 MOD-02 includes four additional 
conditions for use of the code.  Explicitly state the SE conditions and discuss how 
MHI will meet each of these conditions using VIPRE-01M. 

 
Comment: The NRC had previously reviewed and approved the use of VIPRE-01 for PWR 

non-LOCA safety analysis.  However, the staff placed certain conditions and 
limitations on the use of the code.  Those same conditions and limitations would 
be applicable to VIPRE-01M.  In its initial submittal, MHI detailed how it planned 
to meet some of the conditions and limitations, but not all conditions and 
limitations were discussed.   

 
Response: Given in References 19. 
 
Resolution: MHI responded by addressing the remaining conditions and limitations placed on 

the use of VIPRE-01 by the NRC staff.  The staff found that MHI’s additional 
documentation did address how VIPRE-01M will meet the conditions and 
limitations placed on VIPRE-01.  The NRC staff has concluded that this RAI has 
been resolved.    
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4.3.7   RAI 1.7 
 
RAI: MHI should provide an assessment of the differences between PWRs which the 

NRC staff reviewers are accustomed to dealing with and which the VIPRE-01 
computer code was licensed for, and MHI-designed PWRs.  MHI should provide 
justification as the applicability of VIPRE-01 (and subsequently VIPRE-01M) to 
MHI-designed PWRs. 

 
Comment: The current fleet of PWRs use subchannel codes such as VIPRE to perform 

safety analysis.  However, the staff is not as familiar with the design of the US-
APWR and wanted confirmation that the no additional physical phenomena 
needed to be considered.   

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing a table which compares the US-APWR with current 

PWRs as well as a description of the plant.  The comparison demonstrates that 
the US-APWR is similar to the current fleet of operating PWRs and no new 
physical phenomena would be expected in any transient or accident.  By 
comparing the US-APWR to the current fleet of PWRs, the staff has confirmed 
the similarity of the reactor designs.  The NRC staff has concluded that this RAI 
has been resolved. 

 
 
4.3.8   RAI 1.8 
 
RAI: Provide a discussion regarding rod bow.  Include how rod bow will be accounted 

for (especially in any thermal limits) and the basis for that decision. 
 
Comment: A bowed fuel rod may impact the flow area surrounding the fuel rod and therefore 

would impact the CHD.  Subchannel codes cannot model fuel rod bow and 
therefore approved methodologies for accounting for rod bow are required.   

 
Response: Given in References 19. 
 
Resolution: MHI responded by summarizing its rod bow model and provided a reference for a 

previously approved rod bow model (Reference 43).  The staff has found the 
submitted information adequately describes the rod bow model.  The NRC staff 
has concluded that this RAI has been resolved. 
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4.3.9   RAI 1.9  
 
RAI: Provide a discussion regarding transition cores.  Include how the transition cores 

will be accounted for (especially in any thermal limits) and the basis for that 
decision. 

 
Comment: In an open lattice arraignment, such as found in PWRs, the geometric properties 

of different types of fuel assembly will impact the flow into and out of the 
assemblies.  However, subchannel codes only model one assembly and 
therefore any cross flow due to assemblies of different designs is not directly 
accounted for in the code.  Since subchannel codes cannot account for the 
reduced flow (and hence calculate the impact on CHF) approved methodologies 
for accounting for mixed or transition cores are required.    

 
Response: Given in References 19.  Updated with Reference 22.     
 
Resolution: MHI responded by summarizing its transition core methodology.  However, MHI 

was unable to provide a reference for an NRC approved transition core 
methodology.  Therefore, the use of VIPRE-01M is restricted to non-mixed cores, 
that is, cores of a single fuel design.  This restriction will be lifted when MHI 
obtains an NRC approved transition core methodology.  The staff has found the 
information provided by MHI did summarize its transition core methodology.  The 
NRC staff has concluded that this RAI has been resolved. 

 
 
4.3.10   RAI 1.10 
 
RAI: Provide a discussion and data or analysis on the selection of the constant 

ABETA, specifically, what is the physical justification for the constant’s value? 
 
Comment: The ABETA parameter determines the turbulent mixing of the subchannels.  A 

higher ABETA value will result in more mixing and lower calculated 
temperatures.  Therefore, a conservatively low value of ABETA is generally 
chosen.  MHI provided its value of ABETA, but did not provide a basis for that 
value.          

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing tests results which demonstrate that its chosen 

value of ABETA is conservatively low compared to data for US-APWR fuel.  The 
selected value of ABETA was demonstrated to be conservative over a wide 
range of pressure, mass velocities, qualities, and Reynolds numbers.  The staff 
has determined that the data provided demonstrates MHI’s choice of ABETA is 
conservative.  The NRC staff has concluded that this RAI has been resolved.   
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4.3.11   RAI 1.11 
 
RAI: Provide a discussion and data or analysis regarding the selection of the form loss 

coefficients for grid spacers specifically, verify that the form loss coefficient is 
applicable to the fuel assembly which will be put in the MHI-designed PWRs. 

 
Comment: MHI stated that the form loss coefficient for the grid spacers would be based on 

test data, but did not provide any of that test data.       
 
Response: Given in References 19.       
 
Resolution: MHI responded by providing the test data as which showed measured form loss 

coefficients for US-APWR fuel  as well as a sensitivity study which demonstrated 
that the form loss coefficient has negligible impact on the DNBR.  The staff 
determined that that data and the sensitivity study demonstrates that MHI is 
using appropriate values for the form loss coefficients.  The NRC staff has 
concluded that this RAI has been resolved. 

 
 
4.3.12   RAI 1.12 
 
RAI: Which radial noding scheme will be used to perform licensing analysis regarding 

MHI-designed PWRs? 
 
Comment: MHI presented multiple radial noding schemes for a sensitivity study in the 

topical report, but the staff was unsure which radial noding scheme would be 
used in safety analysis calculations.    

 
Response: Given in References 19. 
 
Resolution: MHI responded by directing the staff to the radial noding scheme they will use for 

safety analysis calculations.  The staff found the information submitted sufficient 
to describe the radial noding scheme.  The NRC staff has concluded that the 
submission of this information resolved this RAI.   
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4.3.13   RAI 1.13 
 
RAI: Provide a discussion regarding the mode which will be used in VIPRE-01M 

(UPFLOW or RECIRC).  Discuss any associated limitations, and why they will be 
consistent with the accident/transient scenarios modeled with VIPRE-01M in 
MHI-designed PWRs.  Specifically which input conditions are needed and where 
the input conditions will be obtained from. 

 
Comment: VIPRE-01 has two different methods to solve the problem, UPFLOW and 

RECIRC.  The UPFLOW method has certain restriction on its use and the staff 
was unable to determine which method MHI was going to use for safety analysis 
calculations.      

 
Response: Given in References 19. 
 
Resolution: MHI responded by confirming they would use the RECIRC method.  There are no 

computational restrictions regarding the RECIRC method.  The staff found the 
information submitted sufficient to describe the solution scheme.  The NRC staff 
has concluded that the submission of this information resolved this RAI. 

 
 
4.3.14   RAI 1.14 
 
RAI: What values of the core inlet distribution factors will be used to perform licensing 

analysis on MHI-designed PWRs? 
 
Comment: Flow tests demonstrate that the inlet flow of the hot assembly could be 5 – 10 

percent lower than the average assembly.  Therefore, in subchannel calculations 
the inlet flow to the hot assembly is penalized to account for this.  Generally, the 
mal-distribution flattens as the fluid flows up the bundle, but an inlet penalty is still 
assigned to provide a conservative calculation.  The staff was unable to 
determine if MHI was going to apply such a penalty.      

 
Response: Given in References 19.       
 
Resolution: MHI responded by confirming it was going to use a penalty of 10 percent 

reduction in the hot assembly coolant flow.  The staff found the information 
submitted sufficient to describe the core inlet distribution factors.  The NRC staff 
has concluded that the submission of this information resolved this RAI. 
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4.3.15   RAI 1.15 
 
RAI: How many radial nodes are used in the clad for both steady state and transient 

applications?  Why was this number chosen? 
 
Comment: The NRC staff was unsure of the number of radial nodes used in the clad.  
 
Response: Given in References 19. 
 
Resolution: MHI responded by informing the staff that the number of nodes in the clad is a 

fixed number and not a variable.  Two nodes are used to represent the clad.  The 
staff agrees that this model is acceptable because of the extremely thin cladding 
and the temperature profile in the clad can being able to be approximated by a 
linear profile due to the high cladding thermal conductivity.  The NRC staff has 
concluded that the submission of this information resolved this RAI. 

 
 
4.3.16   RAI 1.16 
 
RAI: Provide a further description for the phrase ‘initial pellet heat up’. 
 
Comment: The NRC staff was unfamiliar with the phrase ‘initial pellet heat up.’  
 
Response: Given in References 19. 
 
Resolution: MHI responded by clarifying that the phrase means the initial temperature or 

enthalpy of the pellet used in the transient analysis.  The staff found the 
information submitted sufficient to describe the phrase ‘initial pellet heat up’.  The 
NRC staff has concluded that the submission of this information resolved this 
RAI. 

 
 
4.3.17   RAI 1.17 
 
RAI: Describe the axial nodalization for transient analyses. 
 
Comment: MHI presented multiple axial noding schemes for a sensitivity study in Topical 

Report MUAP-07009, but the staff was unsure which axial noding scheme would 
be used in safety analysis calculations.  

 
Response: Given in References 19. 
 
Resolution: MHI responded by directing the staff to the axial noding scheme it will use for 

safety analysis calculations.  The staff found the information submitted sufficient 
to describe the axial noding scheme.  The NRC staff has concluded that the 
submission of this information resolved this RAI. 
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4.3.18   RAI 1.18 
 
RAI: Confirm that the thermal properties for the fuel have been previously reviewed 

and approved the NRC. 
 
Comment: The staff was unsure if the fuel thermal properties were previously reviewed and 

approved or the staff needed to verify the properties presented by MHI with 
comparisons to data.   

 
Response: Given in References 19. 
 
Resolution: MHI responded by confirming the thermal properties for the fuel were previously 

reviewed and approved or are currently under review in a different topical.  The 
staff found the information submitted sufficient to determine the thermal 
properties were previously reviewed and approved by the NRC staff.  The NRC 
staff has concluded that the submission of this information resolved this RAI. 

 
 
4.3.19   RAI 1.19 
 
RAI: Provide a discussion identifying each accident/transient scenario and how the 

gap conductance will be conservative for each of the scenarios modeled with 
VIPRE-01M. 

 
Comment: In the topical report, MHI stated that the gap conductance would always be 

conservative in each analysis, but did not state how this would be accomplished.  
In general, in events which are heat flux limited, a higher gap conductance would 
be more conservative because it would increase the heat flux at the clad outer 
surface.  Likewise, in events which are fuel temperature limited, a lower gap 
conductance would be more conservative because it would decrease the heat 
transferred from the fuel and increase the fuel temperature.  However, it is 
possible that transients may have competing phenomena such that there is no 
clearly conservative direction.   

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing additional information regarding the gap 

conductance behavior and what the corresponding conservative assumptions 
would be for the events which are analyzed by VIPRE-01M in a transient (as 
opposed to steady state) mode.  VIPRE-01M is only used to calculate the 
transient behavior of a few events; it is more often used in a steady state mode, 
or to generate a CHF lookup table for MARVEL-M.  Each transient event has a 
known gap behavior (either the gap conductance will increase or decrease) and 
therefore a conservative value for gap conductance can be chosen.  The staff 
determined that a conservative value for the gap conductance could be chosen 
for each transient or accident analyzed with VIPRE-01M.  The NRC staff has 
concluded that the submission of this information resolved this RAI. 
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4.3.20   RAI 1.20 
 
RAI: Provide a discussion of how the VIPRE-01M implementation of the Zr-Water 

model is derived from the formulas in the source documents.  Include the original 
continuous equations, the discrete approximation to these, the VIPRE-01M 
variables, the units of all physical quantities, and the energy released by the 
reaction.  Step-by-step descriptions and all the equations must be presented in 
sufficient detail for replication by independent reviewers. 

 
Comment: The initial VIPRE-01 review did not include a Zr-Water model.  This feature was 

added to a later version of VIPRE.  Therefore, the staff requested additional 
information regarding the implementation of this model.   

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing a detailed derivation of the Zr-Water model.  The 

staff found the information submitted sufficient to follow the derivation of the 
Zr-Water model.  The NRC staff has concluded that the submission of this 
information resolved this RAI. 

 
 
4.3.21   RAI 1.21 
 
RAI: What fraction of power is deposited directly in the coolant?  What fraction of 

power is deposited directly in the clad?  Provide an adequate justification for 
each. 

 
Comment: The staff was unsure how much energy MHI was assuming would be deposited 

in the fuel and how much would be deposited directly into the clad or the coolant.   
 
Response: Given in References 19.   
 
Resolution: MHI responded by providing additional information regarding the energy 

deposited in the fuel, clad, and coolant.  The amount of energy deposited in the 
fuel is mostly a rod ejection concern.  A rod ejection leads to high powers 
produced in the fuel which can lead to high energy deposited in the fuel and 
possible centerline fuel melt.  Therefore, the NRC places a limit on the maximum 
amount of energy deposited in the fuel.  Not all energy that is generated from the 
fission reaction is deposited in the fuel; some is deposited in the clad, coolant, 
vessel and other structures.  However, because more energy deposited in the 
fuel is the most limiting condition, a conservative value for fuel energy deposition 
must be chosen.  The staff has determined that the amount of energy MHI will 
deposit in the fuel will lead to a conservative calculation.  The NRC staff has 
concluded that the submission of this information resolved this RAI. 
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4.3.22   RAI 1.22 
 
RAI: Section 6.5 of MUAP-07009-P discusses a correlation that is used to calculate 

film boiling heat transfer.  This correlation was accepted by the NRC staff for use 
in the FACTRAN code.  Provide a list of transients and accidents for which MHI 
will use VIPRE-01M in the post CHF heat transfer region and discuss the 
licensing requirement that the calculation is designed to meet.  As stated in the 
NRC generic SE for VIPRE-01, “Post CHF analysis aspects of the code dealing 
with post-CHF phenomena were excluded from this review,” the use of VIPRE for 
this type of analysis will therefore require additional justification.  Please provide 
justification that VIPRE can conservatively model the mechanical, physical and 
chemical changes that might occur in the fuel rods at elevated temperature 
including comparisons with applicable reactor fuel rod test data. 

 
Comment: Post CHF analysis was not reviewed during the initial review of VIPRE-01.  

Therefore, MHI’s use of the film boiling correlation to be used in post CHF 
analysis required additional justification.       

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing additional information regarding the post CHF 

events.  The only events which require post CHF analysis are the locked rotor 
event and the rod ejection event.  To analyze these events, MHI is using a 
recognized film boiling correlation, biasing the gap conductance to account for 
any fuel mechanical deformation, and evaluating the chemical reaction between 
the water and zirconium using the Baker-Just correlation.  This analysis is 
consistent with previously approved post CHF subchannel analysis.  These 
events are Postulated Accidents and therefore limited fuel failure is expected.  
The acceptance criteria for these events are:  1) peak cladding temperature less 
than 2200 °F, and 2) maximum local cladding oxidation below 17 percent.  The 
staff found the information submitted sufficient to describe MHI’s post CHF heat 
transfer models.  The NRC staff has concluded that the submission of this 
information resolved this RAI.  
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4.3.23   RAI 2.1 
 
RAI: Provide a complete description of the accident/transient scenarios which will be 

analyzed by VIPRE-01M including plant initial conditions, the initiating event and 
all subsequent events and phases of the accident, and the important physical 
phenomena and systems and/or component interactions that influence the 
outcome of the accident. 

 
Comment: There was no description of the accidents or transients which would be analyzed 

with VIPRE.  The staff required this information to confirm that VIPRE could 
model these events.         

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing a description of the events and a reference where 

more information could be found.  The staff found the information submitted a 
sufficient summary of the accident scenarios which will be modeled by VIPRE-
01M.  The NRC staff has concluded that the submission of this information 
resolved this RAI. 

 
 
4.3.24   RAI 3.1 
 
RAI: Provide a code assessment of VIPRE-01M.  Assessments performed with other 

versions of VIPRE-01M (such as EPRI’s VIPRE-01) require additional 
justification because even a “small” change to the evaluation model can have 
unintended consequences on calculation results that were thought to not be 
impacted by the changes. 

 
Comment: The staff was unclear as to the code assessment performed on VIPRE-01M.  

While VIPRE-01M did originate in VIPRE-01, an EPRI code that has been 
assessed, the staff was unsure of how much of that original assessment was 
also valid for VIPRE-01M.       

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing the details of the assessment of VIPRE-01 and why 

that assessment should also be applicable to VIPRE-01M.  The changes made 
between VIPRE-01 and VIPRE-01M were not changes to models, but increased 
calculational abilities.  The output of VIPRE-01M was compared to VIPRE-01 
(see RAI 3.2) and the codes produced identical results.  The staff found that the 
information submitted a sufficient summary of the code assessment of VIPRE-01 
and a sufficient summary to describe the changes made to VIPRE-01 to generate 
VIPRE-01M.  The NRC staff has concluded that the submission of this 
information resolved this RAI. 
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4.3.25   RAI 3.2 
 
RAI: Along with the code assessment of VIPRE-01M, MHI will need to provide an 

assessment of correct implementation of the code.  Comparisons of VIPRE-01M 
by MHI to other NRC approved codes provide some assessment of the 
difference between codes, but such a comparison cannot provide adequate 
regulatory basis to justify the evaluation model which VIPRE-01M is a part.  Two 
possible ways to provide adequate regulatory basis for the evaluation model are 
VIPRE-01M comparisons to data or VIPRE-01M comparisons to analysis 
performed by an organization with an approved evaluation model.  Such analysis 
should be performed to verify that VIPRE-01M accurately captures the physical 
phenomena of the accidents/transients of interest for MHI-designed PWRs. 

 
Comment:  The staff required some objective form of assessment to provide regulatory 

assurance that MHI was able to use VIPRE-01M for safety analysis.  While MHI 
did provide comparisons against another code, this comparison was of limited 
value because the other assessment of the other code (THINC) was also in 
question.  Therefore the staff requested additional assessment.  

 
Response: Given in References 19. 
 
Resolution: MHI responded by providing the results of the comparisons to EPRI’s test cases.  

MHI was able to reproduce EPRI results for test cases which EPRI supplies to all 
VIPRE uses with the specific intent of ensuring the code is working properly.  
These test cases are specifically intended to use as many of the models in the 
code as possible.  MHI analyzed 5 of the 7 test cases (2 of the 7 were for BWR 
case and supercritical pressure transient) and was able to obtain identical 
results.  The results of these assessment cases demonstrate that MHI is able to 
use VIPRE-01M and obtain the same results as those for VIPRE-01.  This 
comparison validates MHI’s ability to use VIPRE-01M and also provides 
validation that the regulatory conclusions drawn from the review of VIPRE-01 
apply to VIPRE-01M.  The staff determined that the code assessment submitted 
for VIPRE-01M demonstrates the proper implementation of the code.  The NRC 
staff has concluded that the submission of this information resolved this RAI. 
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4.3.26   RAI 3.3 
 
RAI: Confirm that the code assessment (both the assessment already submitted and 

any additional assessment) was performed with a frozen version of the 
evaluation model that has been submitted for review? 

 
Comment: All code assessments must be performed with a single code version.  Any 

changes in the code during the assessment would make part of the assessment 
invalid.  It was not clear that all of the assessment was performed with the same 
version of the code.  

 
Response: Given in References 19. 
 
Resolution: MHI confirmed that the assessment with a single version of the code and the 

code was not changed or modified in any way.  The NRC staff has concluded 
that the submission of this information resolved this RAI. 
 
However, during the staff’s initial audit of VIPRE-01M (Reference 25) it was 
discovered that there were some minor changes to VIPRE-01M.  This issue is 
addressed in the SER Section 3.2.4.2 and does not change the resolution of this 
RAI. 

 
 
4.3.27   RAI 3.4 
 
RAI: Provide verification and documentation that as a result of the Accident Scenario 

Identification Process, no new accident/transient scenarios were identified that 
contain a physical phenomenon that was previously unimportant in the VIPRE-01 
code assessment.  If a new accident/transient scenario was identified, provide 
appropriate justification (for example, comparison to separate effects test data) 
for VIPRE-01M’s modeling of that particular physical phenomenon. 

 
Comment: The staff was not certain if the US-APWR had any new accident scenarios which 

were not already considered in current PWR analysis.  This RAI requested that 
the new scenarios be identified.  

 
Response: Given in References 19. 
 
Resolution: MHI confirmed that the US-APWR has no new accident scenarios.  The staff 

determined that the Chapter 15 DCD review demonstrated that no new accident 
scenarios are anticipated for the US-APWR.  The NRC staff has concluded that 
the submission of this information resolved this RAI. 
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4.3.28   RAI 3.5 
 
RAI: Provide verification and documentation that as a result of the Accident Scenario 

Identification Process, no new accident/transient scenarios were identified that 
were not previously identified in the VIPRE-01 code assessment.  If a new 
accident/transient scenario was identified, provide appropriate justification (for 
example, comparison to integral effects test data) for VIPRE-01M’s modeling of 
that particular accident/transient scenario. 

 
Comment: The staff was not certain if the US-APWR had any new accident scenarios which 

were not already considered in current PWR analysis.  This RAI requested 
information on VIPRE-01M’s modeling of that accident scenario.     

 
Response: Given in References 19. 
 
Resolution: MHI confirmed that the US-APWR has no new accident scenarios.  The staff 

determined that the Chapter 15 DCD review demonstrated that no new accident 
scenarios are anticipated for the US-APWR.  The NRC staff has concluded that 
the submission of this information resolved this RAI. 

 
 
4.3.29   RAI 3.6 
 
RAI: Provide verification and documentation that as a result of the Accident Scenario 

Identification Process no new accident/transient scenarios were identified which 
exceed the parameter range of previously identified accident/transient scenarios 
in VIPRE-01.  If a new accident/transient scenario was identified, confirm that 
VIPRE-01’s models can adequately model the physical phenomena in the new 
range. 

 
Comment: The staff was not certain if the US-APWR had any new accident scenarios which 

were not already considered in current PWR analysis.  This RAI requested 
information on VIPRE-01M’s ability to model the physical phenomena of that 
accident scenario.    

 
Response: Given in References 19. 
 
Resolution: MHI confirmed that the US-APWR has no new accident scenarios.  The staff 

determined that the Chapter 15 DCD review demonstrated that no new accident 
scenarios are anticipated for the US-APWR.  The NRC staff has concluded that 
the submission of this information resolved this RAI. 
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4.3.30   RAI 3.7 
 
RAI: Confirm that the code options used in the code assessment calculations will be 

the same as those used in plant accident calculations. 
 
Comment: The staff wanted to confirm that the code options selected for the assessment 

calculations would be the same as those used in licensing calculations.   
 
Response: Given in References 19. 
 
Resolution: MHI confirmed that the code options used in performing the assessment 

calculations were the same as the options were the same as those used when 
performing the Chapter 15 DCD analysis.  Additionally, a realistic gap heat 
transfer model was used for rod ejection accidents and that model was reviewed 
in a separate NRC review.  The staff has determined that the code options used 
in the assessment calculations matched those used in the safety analysis.  The 
NRC staff has concluded that the submission of this information resolved this 
RAI. 

 
 
4.3.31   RAI 3.8 
 
RAI: If scaling was performed, provide a scaling analysis which identifies important 

non-dimensional parameters related to geometry and key phenomena. 
 
Comment: The staff was unsure if any scaling analysis needed to be performed regarding 

VIPRE-01M’s modeling of the US-APWR due to any new accident scenarios or 
due to any features of the US-APWR itself.     

 
Response: Given in References 19. 
 
Resolution: MHI stated that no scaling was performed.  MHI has repeatedly stated that the 

US-APWR is similar to a currently operating PWR from a thermal-hydraulics 
perspective and no new phenomena which are not already captured by 
subchannel codes would be expected.  MHI provide a discussion of the CHF 
correlations used in VIPRE-01M and demonstrated that the range of the 
correlations bounded the range of the US-APWR’s safety analysis.  The staff 
found the information submitted sufficient to confirm that the only scaling 
performed for VIPRE-01M was the scaling performed for the CHF analysis.  The 
NRC staff has concluded that the submission of this information resolved this 
RAI. 
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4.3.32   RAI 3.9 
 
RAI: Confirm and provide documentation that each empirical correlation in VIPRE-

01M will be used within its intended range.  For the empirical correlations in 
VIPRE-01M provide a list of those correlations and their ranges. 

 
Comment: The staff wanted confirmation that all the empirical correlations in VIPRE-01M 

were being used inside its intended ranges.    
 
Response: Given in References 19. 
 
Resolution: MHI provided a list and a discussion of the empirical correlations.  The staff 

found the information submitted sufficient to confirm that the equations were 
being used inside its intended ranges.  The NRC staff has concluded that the 
submission of this information resolved this RAI. 

 
 
4.3.33   RAI 3.10 
 
RAI: For codes which interact with VIPRE-01M, where applicable, provide the results 

of a null transient.  Include comparison of the parameters of interest between the 
interacting codes. 

 
Comment: Because MHI is a new organization using different versions of approved codes, 

the staff requested MHI to demonstrate that it is using the codes correctly.  
Therefore, the staff asked MHI to perform a null transient as another means to 
validated MHI’s use of VIPRE-01M.  

 
Response: Given in References 19. 
 
Resolution: MHI provided the results of the null transients.  The staff found that the results 

were the expected results of a null transient and thus provided additional 
validation of MHI’s use of VIPRE-01M.  The NRC staff has concluded that the 
submission of this information resolved this RAI. 
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4.3.34   RAI 4.1 
 
RAI: Provide a sample uncertainty analysis evaluation for a typical plant application.  

This analysis should include discussion of all the engineering factors used as 
well as justification for their values.  Include in this discussion any assumptions 
made about the engineering factors (such as the heat flux engineering factor) 
and provide appropriate justification for those assumptions. 

 
Comment: The staff requested MHI provide further description of their uncertainty analysis.   
 
Response: Given in References 19.    
   
Resolution: MHI provided a further description of its uncertainty analysis, including 

uncertainty values for the reactor power, pressurizer pressure, reactor vessel 
average temperature and reactor coolant system flow rate.  MHI further 
described its method for obtaining the hot channel factors and the core bypass 
flow areas.  The staff found the information submitted a sufficient description of 
MHI’s uncertainty analysis procedure.  The NRC staff has concluded that the 
submission of this information resolved this RAI. 

 
 
4.3.35   RAI 4.2 
 
RAI: Discuss how MHI will implement the RTDP analysis, specifically addresses the 

uncertainties used and the basis for the uncertainties. 
 
Comment: The MHI had stated in the topical report, its plans to implement the RTDP but did 

not describe how they were going to implement it.     
 
Response: Given in References 19 and 49. 
 
Resolution: MHI provided a further description of its implementation of the RTDP.  The staff 

found its implementation consistent with that described in Reference 48.  
Additionally, its corresponding design limit DNBR is in the range of expected 
design limit DNBR Limits.  During the ACRS presentation one of the members 
noticed that the table in Reference 19 contained an error.  MHI determined that 
the error was only in entering the number for the table and not in the calculation 
itself and re-submitted their response to RAI 4.2 with the corrected table in 
Reference 49. The NRC staff has concluded that the submission of this 
information resolved this RAI.   
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4.3.36   RAI 5.1 
 
RAI: For VIPRE-01M, provide a theory manual that is a self-contained document and 

that describes (a) field equations, (b) closure relationships, (c) numerical solution 
techniques, (d) simplifications and approximations (including limitations) inherent 
in the chosen field equations and numerical methods, (e) pedigree or origin of 
closure relationships used in the code, and (f) limits of applicability for all models 
in the code. 

 
Comment: The staff required MHI to provide or identify the VIPRE-01M theory manual.  
 
Response: Given in References 19. 
 
Resolution: MHI identified the VIPRE-01M’s theory manual as the same theory manual for 

VIPRE-01 (Reference 2).  The staff found the information submitted sufficient to 
describe the VIPRE-01M theory manual.  The NRC staff has concluded that the 
submission of this information resolved this RAI. 

 
 
4.3.37   RAI 6.1 
 
RAI: For VIPRE-01M, provide a user manual that provides (a) detailed instructions 

about how the computer code is used, (b) a description of how to choose model 
input parameters and appropriate code options, (c) guidance about code 
limitation and options that should be avoided for particular accidents, 
components, or reactor types, and (d) if multiple computer codes are used, 
documented procedures for ensuring complete and accurate transfer of 
information between different elements of the evaluation model. 

 
Comment: The staff required MHI to provide the VIPRE-01M user manual.  
 
Response: Given in References 19.  Additional information provided in Reference 20. 
 
Resolution: The user manual was provided in a separate submittal.  The staff found the 

information submitted sufficient to describe the use of VIPRE-01M.  The NRC 
staff has concluded that the submission of this information resolved this RAI. 
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4.3.38   RAI 6.2 
 
RAI: Provide the NRC with a VIPRE-01M executable (preferably PC) and the 

appropriate input parameters for Runs 1 – 7 on Table 7-1 of the topical report 
such that the NRC may generate its own input deck according to the VIPRE-01M 
user manual, execute the code, and compare the results to results generated by 
MHI. 

 
Comment: The staff requested MHI provide the VIPRE-01M executable for staff use.  
 
Response: Given in References 19. 
 
Resolution: The executable was provided to the staff.  The NRC staff has concluded that the 

submission of this information resolved this RAI. 
 
 
4.3.39   RAI 7.1 
 
RAI: Provide the QA plan for VIPRE-01M which describes the procedures and 

controls under which the code was developed and assessed, and the corrective 
action procedures that are followed when an error is discovered. 

 
Comment: The staff was unsure of which QA plan VIPRE-01M was kept under.  
 
Response: Given in References 19.  Additional information provided in Reference 21.  
 
Resolution: MHI provided the name of the QA Plan and submitted a document providing its 

description.  The staff found the information submitted sufficient to determine 
which QA plan VIPRE-01M was kept under.  The NRC staff has concluded that 
the submission of this information resolved this RAI. 
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4.3.40   RAI 7.2   
 
RAI: Verify that the QA plan described in response to RAI 7.1 was used when 

performing all changes which were required to generate VIPRE-01M from 
VIPRE-01 and performing all analysis submitted to the NRC.  Verify that all 
VIPRE-01M analyses were performed with a specific frozen version of the code. 

 
Comment: Because the staff was unsure of which QA plan was used with VIPRE-01M, the 

staff was unsure if the same QA plan was used during the entire development 
and assessment process of VIPRE-01M.  

 
Response: Given in References 19 
 
Resolution: MHI provided the necessary clarification describing the QA plan which was used 

for VIPRE-01M.  MHI confirmed that VIPRE-01M was under the full control of the 
QA plan program and that even minor modifications were strictly controlled by 
the QA plan.  The staff found the information submitted sufficient to confirm that 
the same QA process was applied during the entire code assessment phase of 
VIPRE-01M.  The NRC staff has concluded that the submission of this 
information resolved this RAI. 

  



 

- 75 - 
 

4.4 Round 4 
 
These RAI’s can be found in Reference 24 and are restated here for convenience. 
 
 
4.4.1   RAI 4.1 
 
RAI: Provide documentation which details the changes made to VIPRE between 

VIPRE-01 MOD 2.2.1 (the version of VIPRE obtained by MHI from CSA) and 
VIPRE-01M MOD 2.2.1 MHI 1.2.0 (MHI’s version of VIPRE submitted to the 
NRC). 

 
Comment: The staff had a detailed list of the changes between VIPRE-01 MOD 2.0 and 

VIPRE-01 MOD 2.2.1, but did not have a list of the changes between VIPRE-01 
MOD 2.2.1 and VIPRE-01M MOD 2.2.1 MHI 1.2.0.  The staff wanted to ensure 
that no significant changes were made to VIPRE-01M.  

 
Response: Given in Reference 27 and 28. 
 
Resolution:  The staff reviewed the information submitted and was able to review the changes 

during an audit (Reference 25).  The staff found the information submitted 
sufficient to describe the changes between VIPRE-01 MOD2.2.1 and VIPRE-01M 
MOD 2.2.1 MHI 1.2.0.  The NRC staff has concluded that the submission of this 
information resolved this RAI. 

 
 
4.4.2   RAI 4.2 
 
RAI: Provide documentation which demonstrates that the user manual provides 

guidance for selecting or calculating all input parameters and code options. 
 
Comment: The relationship between the user manual, the code manual, the topical report, 

and other guidance was not provided.  This information is required by the SRP 
and is important for understanding the framework of the VIPRE-01M calculations.   

 
Response: Given in Reference 27. 
 
Resolution:  The information submitted in the RAI response as well as the information 

provided to staff during its audit (Reference 26) was found by the staff to be 
sufficient for providing guidance for selecting and calculating the input 
parameters and code options.  The NRC staff has concluded that this RAI has 
been resolved. 
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4.4.3   RAI 4.3 
 
RAI: Provide documentation which demonstrates that the guidance in the VIPRE-01M 

manual specifies the required and acceptable code options for the specific 
licensing calculations. 

 
Comment: There are many models and options which can be chosen in VIPRE-01M and 

only certain models and options have been reviewed and approved by the NRC.  
This information is required by the SRP and is used by the staff to ensure that a 
conservative result is obtained. 

 
Response: Given in Reference 27. 
 
Resolution:  The information submitted in the RAI response as well as the information 

provided to staff during its audit (Reference 26) was found by the staff to be 
sufficient for providing guidance for selecting and calculating the input 
parameters and code options.  Specifically, the staff chose the Locked Rotor 
event and walked through the user guidance of that event to ensure that 
appropriate guidance was given.  The NRC staff has concluded that this RAI has 
been resolved. 

 
 
4.4.4   RAI 4.4 
 
RAI: Provide documentation which demonstrates that required input settings are 

hardwired into the input processor so that the code stops with an error message 
if the required input is not provided or if the input is not within an acceptable 
range of values or that administrative controls (an independent reviewer QA 
check) are in place that accomplish the same purpose. 

 
Comment: Certain input settings are outside the parameter range of the correlations and the 

uncertainty of the correlations at those points is unknown.  The correlation would 
still predict in those ranges, but the prediction would likely be incorrect.  This 
information is required by the SRP to ensure that the code will ‘know’ when it has 
an input setting outside of its intended range and the code will alert the user such 
that the code result should not be used.   

 
Response: Given in Reference 27. 
 
Resolution: MHI submitted information regarding its QAP and what information the 

independent reviewer must review.  Additionally, the staff was able to confirm 
during its audit (Reference 26) that the code did display error and warning 
messages when appropriate and that MHI would review those messages.  The 
NRC staff has concluded that this RAI has been resolved. 
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4.4.5   RAI 4.5 
 
RAI: Provide documentation which demonstrates that computer codes that are used 

for multiple accidents and transients include guidelines that are specific to each 
transient or accident. 

 
Comment:  Each licensing calculation requires different input and often requires biasing 

different input parameters in certain directions to produce a conservative result.  
This information is required by the SRP and is used by the staff to ensure that a 
conservative result is obtained.  

 
Response: Given in Reference 27. 
 
Resolution:  MHI provided a table of the guidance given to the users for each Chapter 15 

event.  The staff chose the Locked Rotor guidance as a sample and did confirm 
that the guidance did provide the necessary guidelines for performing a Locked 
Rotor calculation using VIPRE-01M (Reference 26).  The NRC staff has 
concluded that this RAI has been resolved. 

 
 
4.4.6   RAI 4.6 
 
RAI: Provide the documentation which demonstrates that all code options that are to 

be used in the accident simulation are appropriate and are not used merely for 
code tuning. 

 
Comment:  Each licensing calculation requires different input and often requires biasing 

different input parameters in certain directions to produce a conservative result.  
This information is required by the SRP and is used by the staff to ensure that a 
conservative result is obtained.  

 
Response: Given in Reference 27. 
 
Resolution:  The staff was able to confirm during its audit (Reference 26) that the code input 

options were appropriate to the transient and not merely used for code tuning.  
The NRC staff has concluded that this RAI has been resolved. 
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4.4.7   RAI 4.7 
 
RAI: In its response to RAI 3.2, MHI provided a table with operating conditions for 

Cases 1 and 2.  There is a discrepancy between the table provided by MHI and 
the table in the VIPRE Manual which describes the input to the same case.  
Confirm that the correct operating conditions were used in the VIPRE-01M 
assessment. 

 
Comment:  None.   
 
Response: Given in Reference 27. 
 
Resolution: MHI was able to adequately explain the apparent discrepancy.  The NRC staff 

has concluded that this RAI has been resolved. 
 
 
4.4.8   RAI 4.8 
 
RAI: In its response to RAI 1.20, the Baker-Just equation is manipulated such that it 

can be used in VIPRE to calculate the thickness of the Zircaloy reacted.  The 
derivation from Equation 1 to Equation 2 assumes that the temperature is not a 
function of time.  However, Equation 3 and following assumes that the 
temperature is a function of time.  Shouldn’t the derivative of Equation 1 be taken 
assuming that temperature is a function of time?  Also, MHI is using the planar 
form of the Baker-Just equation.  Would it be more appropriate to use the 
cylindrical form? 

 
Comment:  Upon reviewing the derivation based on the Baker-Just equation, the staff had 

some questions about the assumptions made.   
 
Response: Given in Reference 27. 
 
Resolution:  MHI provided a further description of their derivation.  That staff found this 

description sufficient for answering the staff’s inquiry.  The NRC staff has 
concluded that this RAI has been resolved. 
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4.5 Round 5 
 
These RAI’s can be found in Reference 30 and are restated here for convenience.   
 
Between October 19 – 20, 2010, the NRC staff conducted an audit of the MHI vendor’s software 
QA (SQA) program for the VIPRE-01M computer code used for safety analysis in the Topical 
Report MUAP-07009-P.  The audit covered the implementation of the SQA procedure as well as 
a review of the technical bases for the code changes.   
 
The following two RAIs were a result of that audit.   
 
 
4.5.1   1 
 
RAI: The DNBR correlation limits have been stated in a RAI response to Topical 

Report MUAP-07009.  How will users of the code be made aware of the 
correlation limits?  What document(s) would be modified? 

 
Comment: None.      
 
Response: Given in Reference 31. 
 
Resolution: MHI responded by explaining that VIPRE-01M will perform an internal check 

against the ranges of the given CHF correlations (WRB-1, WRB-2, and W-3) and 
the code will print out a warning message if any of the parameters exceed its 
approved ranges.  Additionally, the user VIPRE-01M user manual has been 
further revised to require that the users must check after each run to see if the 
aforementioned warning message occurs.  The NRC staff found the submittal of 
this information as well as the information reviewed by the staff during its audit of 
MHI (Reference 26) sufficient to answer the staff’s initial inquiry.  The NRC staff 
has concluded that this RAI has been resolved. 
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4.5.2   2 
 
RAI: As part of the code development and usage package a series of checklists are 

used.  Does the code developer and user checklists include checking and 
depositing code warning messages and non-fatal errors?  If not, explain why it is 
not necessary.     

 
Comment: None.      
 
Response: Given in Reference 31. 
 
Resolution: MHI’s provided response, as well as the information the staff saw during its audit 

of VIPRE-01M (Reference 26) provided sufficient information to answer the 
staff’s inquiry.  The NRC staff has concluded that this RAI has been resolved. 
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5.0 CONCLUSION 
 
When exercised appropriately, the NRC staff has reasonable assurance that the use of the 
VIPRE-01M, as documented in Reference 1, is acceptable for performing transient and accident 
analysis for the US-APWR.  

 

5.1 Conditions and Limitations 
 
Based on the staff’s review, the NRC staff concludes that the use of VIPRE-01M as described in 
MUAP-07009 is acceptable for licensing calculations for MHI-designed PWR cores provided the 
following conditions are met: 
 

1. Selection of the appropriate CHF correlation, DNBR limit, engineered hot channel 
factors for enthalpy rise and other fuel-dependent parameters for a specific plant 
application should be justified with each submittal. 

 
2. Reactor core boundary conditions determined using other computer codes are 

generally input into VIPRE-01M for reactor transient analyses.  These inputs 
include core inlet coolant flow and enthalpy, core average power, power shape 
and nuclear peaking factors.  These inputs should be justified as conservative for 
each use of VIPRE-01M.  

 
3. The NRC staffs generic SER for VIPRE-01 (Reference 2) set requirements for 

use of new CHF correlations with VIPRE-01.  MHI has met these requirements 
for using the W-3, WRB-1 and WRB-2 correlations.  The DNBR limits for the W-3  
CHF correlation is 1.3 and 1.45, and for WRB-1 and WRB-2 CHF correlations is 
1.17, which has been demonstrated by testing to be conservative for US-APWR 
fuel.  The use of the WRB-1 or WRB-2 correlation with any other fuel than that 
tested in (Reference 16) or the use of any of the closure relationships, including 
any CHF correlation, outside of its associated ranges listed above is not 
permitted without further NRC review and approval.  

 
 

4. MHI proposes to use the VIPRE-01M code to evaluate fuel performance 
following postulated design-basis accidents, including beyond-CHF heat transfer 
conditions.  These evaluations are necessary to evaluate the extent of core 
damage and to ensure that the core maintains a coolable geometry in the 
evaluation of certain accident scenarios.  The NRC staff's generic review of 
VIPRE-01 (Reference 2) did not extend to post CHF calculations.  VIPRE-01 
does not model the time-dependent physical changes that may occur within the 
fuel rods at elevated temperatures.  MHI proposes to use conservative input in 
order to account for these effects.  The NRC staff requires that appropriate 
justification be submitted with each usage of VIPRE in the post-CHF region, 
including justification of the uncertainties, to ensure that conservative results are 
obtained.  
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5. Deviation from the closure relationships identified in the topical report is not 
permitted without further NRC review and approval. 

 
6. The NRC staff will perform an audit of MHI’s code QA before the first core is 

loaded to confirm that the changes made by MHI during this review process have 
been appropriately implemented.    

 
7. The use of VIPRE-01M is restricted to non-mixed cores, i.e., cores of a single 

fuel design.  This restriction will be lifted when MHI obtains an NRC approved 
transition core methodology. 

 
If the NRC’s criteria or regulations change so that its conclusions about the acceptability of the 
thermal-hydraulic methods or statistical analyses are invalidated, the licensee referencing the 
report (Reference 1) will be expected to revise and resubmit its respective documentation, or 
submit justification for the continued effective applicability of these methodologies without 
revision of the respective documentation. 
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7.0 LIST OF ACRONYMS 
 
 
AOO  Anticipated Operational Occurrence 
ASIP   Accident Scenario Identification Process 
BWR  Boiling Water Reactor 
CFR  Code of Federal Regulations 
CHF   Critical Heat Flux 
CPR   Critical Power Ratio 
DNB   Departure from Nucleate Boiling 
DNBR   Departure from Nucleate Boiling Ratio 
EM  Evaluation Model 
EPRI   Electric Power Research Institute  
LOCA  Loss of Coolant Accident 
LOOP  Loss of Offsite Power 
MHI  Mitsubishi Heavy Industries, LTD 
NRC  U. S. Nuclear Regulatory Commission 
PA  Postulated Accident 
PCT   Peak Cladding Temperature 
PWR   Pressurized Water Reactor 
QA  Quality Assurance 
QAP  Quality Assurance Program 
RAI   Request for Additional Information 
RTDP   Revised Thermal Design Procedure 
SE   Safety Evaluation 
SER   Safety Evaluation Report 
SRP  Standard Review Plan 
US-APWR United States Advanced Pressurized Water Reactor 
VMG  VIPRE Maintenance Group  
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